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Background: Cognitive styles, emotional processing and behavioural traits are involved in the 
aetiology and maintenance of eating disorders. Some of these traits are present post recovery 
and in first-degree relatives suggesting that they may be endophenotypes. 
 
Aims: The aim of this study was to examine cognitive styles, emotional processing and 
behavioural traits in female twins with eating disorders in order to explore their genetic basis. 
Such investigations will increase our knowledge of the aetiological architecture that underlies 
eating disorders. 
 
Methods: In a sample of twins representative of the population (n=3338), the heritability of 
psychological symptoms thought to be related to eating disorders was estimated using 
structural equation modelling of questionnaire data. In a more in-depth face-to-face study, a 
smaller group of 114 clinical and control twins (n=53 met lifetime DSM-IV eating disorder 
criteria, n=19 non-eating disorder cotwins and n=42 controls) were assessed using a semi-
structured interview and an objective assessment of cognitive styles, emotional processing and 
behavioural traits. To explore the heritability of these, within–pair-correlations were calculated 
and generalised estimating equations compared probands with non-eating disorder cotwins and 
controls.    
 
Results: In the population sample, the psychological symptoms related to eating disorders were 
found to be moderately heritable. In the clinical sample of twins, there appeared a genetic basis 
to the life course of the eating disorder. Childhood traits reflecting an obsessive compulsive 
personality and lifetime impulsive behaviours were found to be familial traits. Analysis of 
cognitive styles indicated they had a genetic and familial basis and emotional processing also 
showed a genetic and familial basis at trend level. There was some evidence of altered reward 
sensitivity in people with bulimic disorders, although less evidence of a substantial genetic 
basis.  
 
Conclusions: Psychological symptoms related to eating disorders were moderately heritable in 
the population twin sample. The clinical studies were exploratory, in part due to the limited 
sample size. Some elements of the findings lent support to cognitive and emotional processing 
traits being endophenotypes for eating disorders. However the relatively small sized differences 
between clinical and control samples as well as the differences between age groups and across 
the diagnostic spectrum, demonstrates that these particular measures may be restricted in their 
ability to inform the future diagnosis and taxonomy of eating disorders. Future studies with 
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Common Abbreviations Used Throughout the Thesis 
AN = anorexia nervosa 
ANR = restrictive anorexia nervosa 
ANBP = anorexia nervosa binge purge subtype 
APA=American Psychiatric Association 
BMI = body mass index 
BD= bulimic disorders (bulimia nervosa or binge eating disorder) 
BED = binge eating disorder 
BN = bulimia nervosa 
D = cohens d effect size 
DASS = depression stress and anxiety scale (21 item version) 
DERS = difficulties in emotion regulation scale 
DSM = Diagnostic and Statistical Manual 
DZ = dizygotic 
ED(s) = eating disorder(s) 
EDNOS = eating disorder not otherwise specified 
Estroop = pictorial emotional stroop task 
GEFT=group embedded figures task 
C = healthy controls 
IQ = intelligence quotient 
MZ = monozygotic 
NART= national adult reading test 
Non-ED cotwin(s) = unaffected twin sibling(s) 
Non-AN cotwin(s)= unaffected twin sibling(s) whose proband has anorexia nervosa 
Non-BD cotwin(s)= unaffected twin sibling(s) whose proband has a bulimic disorder 
OCPD = obsessive compulsive personality disorder 
OCP = obsessive compulsive personality 
OCD = obsessive compulsive disorder 
OCI-R = obsessive compulsive inventory - revised 
ROCF = rey osterrieth complex figure task 
RME = reading the mind in the eyes task 
SD = standard deviation 
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The aim of this thesis is to achieve a greater understanding of the causes of cognitive, 
emotional and behavioural profiles that are found in eating disorders. A review of the current 
literature has indicated that various traits are potential risk markers for eating disorders (EDs) 
with some being present post recovery and in their unaffected first degree relatives, suggesting 
that they may be heritable risk factors. Overall, this thesis aims to take the next step by utilising 
twin methodology to investigate the extent that these traits pose a genetic risk.   
 
To embark upon this investigation, the heritability of self reported psychopathological eating 
disorder features will be investigated in a large sample of female twins  that are representative 
of the general population (n=3338). This justifies the subsequent in-depth studies of twins with 
clinically defined eating disorders (n=53 met lifetime DSM-IV eating disorder criteria, n=19 non-
eating disorder cotwins and n=42 controls) designed to explore the genetic basis of cognitive, 
emotional and behavioural profiles associated with the condition. Comparing the pattern of risk 
between identical and non-identical twins provides a natural experiment to parse out the effects 
of genes on these traits. This thesis employs the criteria outlined by Gottesman and Gould 
(2003) to investigate whether these may be considered as endophenotypes of eating disorders. 
Specifically the heritability, the familial risk and the association with eating disorders are 
examined. The use of valid and practical measures allows this assessment to be transferable to 
treatment settings, which can assist clinicians in their diagnosis and knowledge of risk factors. 
 
As such seven empirical studies were conducted (outlined in the following). On the basis of 
previous research it is hypothesised that there will be a genetic component to the traits and 
behaviours under investigation 
 
This chapter explores the heritability of three subscales included in the Eating Disorder 
Inventory (Garner et al 1991) - 1) body dissatisfaction, 2) drive for thinness and 3) bulimia, in a 
large representative sample of twins recruited through the UK twin registry. Biometric model 
fitting is used to provide estimates of the genetic and environmental contributions to these traits.  
Chapter 2 (Study 1):  
 
This chapter explores how eating disorder symptoms co-aggregate within identical and non-
identical twin pairs across the life course with the aim of exploring the heritability of eating 
disorders and its prognosis. 






This chapter explores the familial and genetic basis of childhood obsessive compulsive 
personality traits measured by the EATATE semi structured interview (Anderluh et al 2003) in a 
twin sample with eating disorders and a comparative sample of singletons. 
Chapter 5 (Study 3):  
 
This chapter explores the familial risk and genetic basis of lifetime impulsive behaviours (i.e. 
alcohol abuse, self harm or gambling) measured by the EATATE semi structured interview 
(Anderluh et al 2003) in a twin sample with eating disorders and a comparative sample of 
control singletons. 
Chapter 6 (Study 4):  
 
This chapter explores the familial risk and genetic basis of neurocognitive traits including set 
shifting and central coherence in a twin sample with eating disorders and a comparative sample 
of control twins.  
Chapter 7 (Study 5):  
 
This chapter explores the familial risk and genetic basis of emotional related traits including 
emotion recognition, social attentional biases and emotional regulation in a twin sample with 
eating disorders and a comparative sample of control twins.  
Chapter 8 (Study 6):  
 
This chapter explores the familial risk and genetic basis of reward sensitivity and motivation 
related behaviour in a twin sample with eating disorders and a comparative sample of control 
twins.  
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1. Chapter 1: Introduction 
Eating disorders are psychiatric conditions, which impact severely on the individual’s physical 
and psychological well-being (Keel, et al. 2003; Tiller et al. 1997; Wentz et al. 2009). Their 
aetiology is complex, involving a premorbid genetic predisposition that interacts with 
environmental factors such as socio-cultural and interpersonal factors (Collier and Treasure, 
2004).  The genetic basis of eating disorders is evident (Mazzeo et al. 2009; Bulik et al. 2006; 
Bulik et al. 2010; Javaras et al. 2008), although less is known about the genetic basis of more 
implicit traits such as thinking styles that may increase the risk of eating disorders. 
1.1. Introduction to the chapter 
 
The overall aim of this introduction is to describe the foundation of this thesis. This begins with 
outlining the current classification of eating disorders and its’ difficulties. Proposals of how to 
address these difficulties are presented and the idea of investigating endophenotypes; traits that 
may be more closely associated with genes than the clinical symptoms, is introduced 
(Gottesman and Gould, 2003). The current evidence base of potential endophenotypes in 
eating disorders is presented. Specifically, evidence of obsessive compulsive personality traits, 
impulsive behaviours, difficulties in set shifting, weak central coherence, emotional processing 
difficulties and altered reward sensitivity is presented for people both in the acute and recovered 
phase of the illness as well as their first degree relatives.  At present there is limited research 
linking these traits with an inherited biological vulnerability and this question forms the 
foundation of this thesis.  
 
According to the Diagnostic and Statistical Manual of the American Psychiatric Society (DSM IV 
(4th  edition, APA, 2000) three broad diagnostic categories of eating disorders exist: Anorexia 
Nervosa (AN), Bulimia Nervosa (BN) and Eating Disorders Not Otherwise Specified (EDNOS).  
1.2. Eating disorder phenotypes  
 
Anorexia Nervosa was first described by Gull in 1868. The current DSM classification includes 
the symptoms outlined in table 1.1.There are two subtypes of AN: restricting (AN-R) and the 
binge-purge type (AN-BP). The restricting subtype is characterised by behaviours of extreme 
and prolonged fasting and restraint. The binge purge subtype is also defined by restraint, 
punctuated by episodes of overeating followed by behaviours to compensate for weight gain 
such as self-induced vomiting, the misuse of laxatives, diuretics, enemas and exercise. 







DSM-IV criteria for anorexia nervosa 
Table 1.1: Current diagnostic criterion for AN according DSM-IV (1994) 
A. Refusal to maintain a body weight at or above a minimally normal weight for age and height 
(e.g. weight loss leading to the maintenance of body weight less than 85 per cent of that 
expected; or failure to make expected weight gain during a period of growing, leading to body 
weight less than 85 per cent of that expected) 
B. Intense fear of gaining weight or becoming fat, even though underweight 
C. Disturbance in the way that weight or shape is experienced, undue influence of body weight or 
shape on self-evaluation, denial of the seriousness of the current low body weight 
D. In postmenarcheal females, amenorrhoea, i.e. the absence of at least three consecutive 
menstrual cycles 
 
Bulimia Nervosa was first described by Russell in 1979, as a variant of anorexia nervosa. The 
current DSM-IV classification includes the symptoms outlined in Table 1.2. There are two 
subtypes of BN: purging (BN-P) and the non-purging types (BN-NP). Both types are 
characterised by binge eating episodes accompanied by feelings of lack of control.  The purging 
type involves compensatory behaviours such as self-induced vomiting or misuse of laxatives 
and diuretics to counteract the effects of overeating. The non-purging types may not include 
these purging behaviours although they may involve compensatory behaviours such as fasting 
or excessive exercise.  
1.2.2. Bulimia nervosa 
 
DSM-IV criteria for bulimia nervosa 
Table 1.2: Current diagnostic criterion for BN according DSM-IV (1994) 
 Recurrent episodes of binge eating. An episode of binge eating is characterised by both of the 
following: 
1) Eating, in a discrete period of time (e.g. within any two-hour period), an amount of food that is 
definitely larger than most people would eat during a similar period of time and under similar 
circumstances 
2) A sense of lack of control over eating during the episode (e.g. a feeling that one cannot stop 
eating or control what or how much one is eating) 
B. Recurrent inappropriate compensatory behaviour in order to prevent weight gain, such as self 
induced vomiting; misuse of laxatives, diuretics, enemas or other medications, fasting or 
excessive exercise 
C. The binge eating and inappropriate compensatory behaviours both occur, on average, at least 
twice a week for three months 
D. Self-evaluation is unduly influenced by body shape and weight 




Eating disorders that do not meet the criteria for the aforementioned categories are classed as 
Eating Disorder Not Otherwise Specified. This category is the most prevalent of all the ED 
diagnoses (Thomas, Vartanian and Brownell, 2009). The EDNOS category is applied to 
individuals on the restrictive end of the ED spectrum who meet all the criteria for anorexia 
nervosa except amenorrhoea or despite significant weight loss the individual’s weight is still in 
the normal range.  At the other end of the spectrum, EDNOS is also applied to individuals with 
bulimic eating disorders such as those who meet all of the criteria for bulimia nervosa except 
that binge eating and inappropriate compensatory behaviours occur less than twice a week. A 
review of all studies conducted between 1987 and 2007 indicated that these cases do not differ 
significantly from full syndrome AN and BN cases and could be incorporated into existing DSM-
IV categories (Thomas, Vartanian and Brownelll 2009). Binge eating disorder (BED) is another 
EDNOS category that is applied to individuals who engage in binge eating characteristic of BN 
but do not use inappropriate compensatory behaviours. BED is the only condition classified 
under EDNOS that will receive its own separate category as a distinct condition in the DSM-V to 
be delivered in 2013. Lastly, there are two EDNOS categories, which are not characterised by 
restrictive or lack of control eating behaviours and may be conceptualised as distinct categories. 
These include individuals who regularly use inappropriate compensatory behaviours after eating 
relatively small amounts of food and individuals who repeatedly chew and spit out normal 
amounts of food.   
1.2.3. EDNOS 
 
The lifetime prevalence for DSM-IV defined anorexia nervosa, bulimia nervosa and binge eating 
disorder are 0.9%, 1.5%, and 3.5% respectively (Hudson et al 2007). The prevalence of these 
conditions in twins is of specific interest to the present thesis.  In a representative sample of 
female twins aged 28-39, the lifetime prevalence of AN was 1.9%, with an additional 2.4% 
meeting similar criteria except amenorrhoea. The lifetime prevalence of BN was somewhat 
higher at 2.9% and this was also the case for BED (Wade et al 2006). 
1.3. Epidemiology 
 
Anorexia nervosa mainly affects women, with 90% of cases being female (Fairburn and 
Harrison 2003). AN is more likely to be found in young women with the highest incidence rate in 
primary care being women aged 10 to 19 years (Van Hoeken et al 2003). The average lifetime 
prevalence of AN in young females is 0.3% (Hoek, 2006; Van Hoeken et al 2003). Similar to 
AN, the highest incidence of BN is in young females aged 10 to 19 years (Keel and Mitchell 
1997). The average lifetime prevalence of BN in young females is 1% (Van Hoeken et al 2003). 
 
There have been changes in the prevalence of bulimia nervosa over time possibly due to socio-





A review of 119 studies of AN has indicated that on average, less than 50% recover and 20% 




Others have concluded similarly, with four year remission rates being 57% in AN, 47% in BN 
and the most favourable being 82% in BED (Agras et al 2009). Keel and Browns’ (2010) review 
of the course and outcome of eating disorders has concluded that there is a need for follow up 
studies of BED, with a period longer than 5 years. 
 
In comparison to the general population, people with eating disorders have a higher risk of 
mortality. In bulimia nervosa the standardised mortality ratio is 1.3% (Keel, Dorer, Eddy, Franko, 
Charatan and Herzog, 2003). This ratio is even more elevated in AN, ranging between 6.2 and 
10.5 % (Birmingham et al. 2005; Papadopoulos et al. 2009; Lowe et al. 2001). Longitudinal 
studies have found lower levels of the standardised mortality rate for AN at 3.7% after a 20 to 
40 year follow up (van Hoeken Seidell and Wijbrand, 2003).  
 
Difficulties in diagnosis and their association with other psychopathology means these disorders 
are frequently under-treated and outcome is poor (Hudson et al 2007). Similarly, other studies 
have reported that only half of those with AN recover and approximately 6–10% develop a 
chronic condition (Berkman et al. 2007; Lowe et al. 2001). 
1.5. Chronic disability 
 
Eating disorders have been placed 10th in terms of burden of disease (years of life lost through 
death or disability) in women aged 15-24 years (Mathers et al 1999). Education (Byford et al. 
2007) and vocational functioning is disrupted (Hjern et al. 2006). Social isolation is common and 
up to 25% have poor psychosocial functioning (Tiller et al. 1997; Wentz et al. 2009). The costs 
of these disabilities are high (Su and Birmingham 2003). 
 
A multi-factorial aetiology involving an interaction between genetic and environmental factors is 
considered a potent risk for eating disorders. An example of this includes biological factors such 
as altered serotonin function or cognitive and personality traits interacting with environmental 
factors such as parenting styles or life events (Collier and Treasure, 2004).  
1.6. Aetiology 
 
There have been numerous reviews of environmental risk factors for eating disorders. 
Noteworthy are those reviewing studies which adopted longitudinal and cross-sectional designs. 
These have found that  common risk factors include ‘gender, ethnicity, early childhood eating 
problems, elevated weight and shape concerns, negative self-evaluation, sexual abuse and 
other adverse experiences and general psychiatric morbidity’ (Jacobi et al 2004). A longitudinal 
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cohort study over a period of 3 years which assessed 236 control women of college age found 
critical comments about eating from teachers of siblings and a history of depression were the 
greatest risk factors for this group (Jacobi et al 2011). Other reviews have found perceived 
pressure for thinness, thin-ideal internalisation and negative affect to be strong risk factors for 
eating disorders (Stice et al 2010). There is support for this from an 8 year prospective study of 
496 adolescent girls which found that depression amplifies the risk that body dissatisfaction 
poses to the development of eating disorders (Stice et al 2011). 
 
The following sections outline four different models that explain how eating disorders may be 
caused and maintained. The models are informed by social, cognitive and biological theories. 
They provide a framework in which this thesis is set and suggest testable hypotheses.  
1.6.1. Models of aetiology 
 
The ‘cognitive interpersonal model of anorexia nervosa’ transcends its’ counterparts with it’s 
main focus on maintaining factors outside of weight or shape concerns (Schmidt and Treasure, 
2006).This model may be seen to consist of two main parts. The first relates to antecedent risk 
factors such as the cognitive styles of perfectionism and cognitive rigidity and the emotional 
style of avoidance. The second area considers the environmental factors that develop as a 
consequence of the disorder and those that maintain the symptoms such as the response of 
close others. On their own some of these factors are not specific to AN, however when 
combined these explain the symptoms associated with AN. The factors are explained in the 
following: 
1.6.2. Cognitive-interpersonal maintenance model of AN (Schmidt and Treasure, 2006) 
 
The cognitive style characteristic of AN is postulated to be a vulnerability factor predating its 
onset (Schmidt and Treasure, 2006). This style encompasses obsessive compulsive personality 
traits, particularly perfectionism and rule bound behaviours. It may manifest in childhood and 
later expresses itself in clinical symptoms such as strict dietary rules or behaviours such as 
difficulty adapting to change and a fear of making mistakes. Extreme weight loss can 
exacerbate rigid thinking and act to maintain its symptoms (Schmidt and Treasure, 2006). 
1.6.2.1. Cognitive style 
  
Pervasive cognitive, behavioural and emotional avoidance - in particular pulling away from close 
interpersonal relationships, often predates onset suggesting that they are risk factors (Schmidt 
and Treasure, 2006). Research has indicated that people with AN have significantly higher 
levels of social avoidance (measured by the Social Avoidance and Distress scale; Watson and 
Friend, 1969) and social phobia (measured by the Social Phobia Scale; Liebowitz, 1987). 
Furthermore a diagnosis of social phobia predates the onset of AN in 65 % of cases, suggesting 
that these difficulties are a risk factor to eating disorders (Flament and Godart, 1995). Women 
1.6.2.2. Emotional style 
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with eating disorders (AN and BN) experience greater levels of loneliness, shyness and 
inferiority  in adolescence (aged 11 to 17) although there appear to be no differences between 
eating disorders and controls in childhood (below age 10) (Troop and Bifulco, 2002).  
 
Schmidt and Treasure (2006) propose that the individual may hold beliefs that the disorder 
serves a positive or adaptive function, which is specific to their intrinsic temperamental 
vulnerability traits. The beliefs can arise intra-personally, when the individual becomes aware 
that adhering to strict rules of diet and exercise creates a sense of safety from the fear of 
others, thereby enabling emotional avoidance (Schmidt and Treasure, 2006).   
1.6.2.3. Pro-anorexic thinking 
 
Other people’s responses to the symptoms such as criticism, hostility or emotional over 
involvement influences the outcome and maintenance of anorexia nervosa (Schmidt and 
Treasure, 2006). In such environments where there is high levels of expressed emotion, AN can 
have a positive function for the individual whereby close others respond to the symptoms with 
comfort and reassurance. The obvious physical symptom of extreme weight loss sends a clear 
message to close others of the distress felt by the individual. This mutually reinforces the pro-
anorexic beliefs in a cycle whereby anorexia nervosa is maintained in order to elicit support and 
care. Conversely, the overt symptoms of AN can create an interpersonal struggle for control 
within families, resulting in criticism and dominance. This can result in the individual avoiding 
difficult interactions, which only reinforce the need to maintain the disordered behaviours 
(Schmidt and Treasure, 2006).  
1.6.2.4. Interpersonal  
 
The cognitive interpersonal model of AN (Schmidt and Treasure 2006) proposes that these 
cognitive and emotional styles are present prior to onset suggesting that they are stable traits 
which foster vulnerability. Investigation of the genetic basis of these styles could assist in 
demonstrating their endophenotype status. These questions provide testable hypotheses to be 
addressed by this thesis. Other factors such as pro-AN thinking and interpersonal factors arise 
from the environment and have active roles in maintaining the disorder (Schmidt and Treasure, 
2006).   
 
Treasure (in progress) has outlined a biological explanation for the anomalies in emotional 
processing and reward sensitivity associated with eating disorders by drawing on a model 
proposed by Kaye (et al 2009) which explains eating behaviour in AN. Kaye, et al (2009) 
proposed that in AN, there is an imbalance between top down processes or cognitive control 
and bottom up homeostatic and hedonic processes. This imbalance may be due to altered 
serotonin and dopamine metabolism. In such cases, excessive cognitive control occurs to 
maintain a healthy milieu. Treasure (in progress) has expanded on this, by applying these 
1.6.3. A theoretical model of eating disorders (Treasure, in progress) 
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processes trans-diagnostically and to non-eating related symptoms. It is argued that this 
imbalance also explains more general anomalies in mood, emotion regulation, reward 
sensitivity, interoceptive functioning and social cognition. It is unclear whether these anomalies 
are primary or secondary consequences of the disorder. However, it is clear that these traits are 
maintaining factors, which make it difficult to recover. After onset, the imbalance between these 
systems is increasingly altered as a consequence of the physical symptoms associated with 
eating disorders. This additionally moderates prognosis and outcome.  In comparison to 
Treasure and Schmidt (2006), this model has incorporated reward sensitivity to explain eating 
disorders. The factors accounted for in this model are outlined in the following: 
 
This model (Treasure, in progress) proposes that those with eating disorders have marked 
deficits in cognitive flexibility (Roberts et al 2007; Tchanturia et al 2011a; Abbate-Daga et al 
2011; Konstantakopoulos et al 2011;  McAnarney et 2010; Roberts et al 2010, Teconi et al 
2010; Nakazato et al 2010; Nakazato et al 2008) although these partly attenuate with recovery 
(Tenconi et al 2010; Nakazato et al 2008; Nakazato et al 2008; Tchanturia, Morris, Anderluh, 
Collier, Nikolaou, Treasure,2004; Tchanturia et al 2011a). An environmental event may trigger 
the person into applying cognitive control to eating. In addition, a detail focused information 
processing style is present in the illness state and after recovery. It is argued that these may be 
antecedent risk factors although exacerbated in the illness state by the physical symptoms.  
1.6.3.1. Cognitive styles 
 
Eating Disorders have difficulties in emotional regulation and inferring emotional states in others 
(Harrison et al 2009; Harrison et al 2010b; Harrison et al 2010c; Oldershaw et al., 2010) 
resulting in high levels of anxiety and interpersonal difficulties (Zucker et al 2007: Godart et al 
2000; Kaye et al 2004). During the acute phase, reward from social stimuli continues to be 
reduced causing the individual to become entrenched in their ED and increasingly isolated. 
There is research (Harrison et al 2010c; Cardi et al, 2012) to suggest that some difficulties 
perpetuate the illness and persist well into recovery. However the current evidence base is 
limited and it remains unclear whether these are state or trait related features (Treasure, in 
progress).  
1.6.3.2. Emotional regulation and social functioning 
 
A systematic review of reward processes in EDs has determined that there is increased 
sensitivity to punishment and decreased sensitivity to reward [measured by the Temperament 
and Character Inventory; (Cloninger et al., 1993), Tridimensional Personality Questionnaire; 
(Cloninger, 1987) and BIS/BAS scale (Carver and White, 1994)] in all forms of eating disorders 
(Harrison et al. 2010a)  and this may explain fearful behaviours (Treasure, in progress). 
Increased sensitivity to punishment is best explained by Gray’s theory (1970) of brain and 




Behavioural Inhibition System (BIS – the avoidance system) is reflected in personality 
dispositions reflecting anxiety, sensitivity to punishment, and non-reward (Carver and White, 
1994). Whereas the Behavioural Activation System (BAS) is reflected in personalities that 
experience positive feelings when exposed to reward cues and is sensitive to reward and 
escape from punishment (Carver and White, 1994). Sensitivity to punishment (the BIS) appears 
to be most heightened in those with AN (Harrison et al 2010a). Specifically, disgust sensitivity 
may explain avoidance and shame associated with food. It is proposed that reward sensitivity 
not only acts as a maintaining factor but may also determine prognosis in terms of the duration 
of restriction and whether binge eating develops (Favarro et al 2005; Tozzi et al 2005).   
 
A reduced perception of bodily sensations resulting in difficulties determining satiety or hunger 
is present in the acute phase of an eating disorder (Treasure, in progress). Studies have shown 
that women with AN have significantly greater difficulties in their ability to discriminate 
sensations related to hunger and satiety (measured by the EDI interoceptive scale) and 
difficulties accurately perceiving physical body signals measured by a heartbeat perception task 
(Pollatos et al 2008). Another study of women with AN and BN has demonstrated that these 
difficulties are transdiagnostic and a significant predictor of clinical severity (Eshkevari et al 
2011). Studies which have examined interoceptive difficulties when anticipating a meal of high-
calorie foods have found hypoactivity to occur in the hypothalamus, amygdala and anterior 
insula in women with AN and those who were weight-restored  (Holsen et al 2011). These 
interoceptive difficulties extend to pain sensitivity, taste, tactile and perception. However, again 
it is unclear whether these are state related or traits. 
1.6.3.4. Body awareness and interoceptive functioning 
 
In AN there are abnormalities in brain structure with some parts being atrophied during the 
acute state (Suchan et al. 2011; Joos et al. 2010; Gaudio et al. 2011). Some of these resolve 
after recovery, (Wagner et al. 2006; Muhlau et al. 2007; Castro-Fornieles et al. 2009) however 
further research is needed to reach a clear conclusion.  
1.6.3.5. Brain structure 
 
The structural and metabolic changes which occur in the brain during the acute phase of eating 
disorders influence brain function. FMRI (functional magnetic resonance imaging) has been a 
primary technique to assess brain function, in conjunction with tasks that elicit brain activation in 
areas thought to be specific to eating disorder symptoms (Frank and Kaye, 2012). These 
include responses to food, taste and body perception. One study which presented images of 
food and aversive (non-food) stimuli to individuals ill with AN and BN, found a medial prefrontal 
brain response to symptom-provoking stimuli in both conditions, supporting the transdiagnostic 
perspective of eating disorders (Uher et al 2004). Furthermore greater activation in the medial 
prefrontal cortex and anterior cingulate cortex (ACC) persists in those recovered from AN 
1.6.3.6. Brain function 
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(having maintained a normal weight for 2 years) as well as those with chronic AN (illness 
duration mean: 12.5 yrs, s.d: 3.6) suggesting that it may be a trait feature. These areas of the 
brain are typically involved in decision making and reward expectancy. The findings indicate 
that the prefrontal cortex is involved in anxiety activation and decision making which underlies 
food restriction (Uher et al 2003).   
 
In addition there are anomalies in brain activation that occur when ingesting food, which persists 
in those recovered. A study of those recovered from AN-R found decreased neural activation in 
the insula, including the primary cortical taste region after ingesting a solution of sucrose diluted 
in water (Wagner et al 2008). Whereas in those recovered from BN, there is decreased 
activation in the ACC which is typically involved in error monitoring and reward expectancy 
(Frank et al 2006). 
 
Altered brain function may also be accountable for distorted body perception in eating disorders. 
In females with AN there is increased activation in the intraparietal lobule (which is involved in 
visuo-spatial processing) when presented with digitally distorted images of their own body 
(Wager et al 2003). In both AN and BN, there is reduced lateral fusiform gyrus activation in 
response to line drawings of body shapes that are either, under or overweight and normal 
weight. This brain response may be due to their comparatively higher levels of aversion, seen in 
response to body images (Uher et al 2005). 
 
A comprehensive review of brain function in eating disorders is beyond the aims of this chapter. 
Nevertheless it is clear that anomalies in brain activation occur, some of which are common to 
both AN and BN and could pose as a potential risk to developing an eating disorder. One 
hypothesis which has attempted to combine empirical evidence of brain function in AN has 
proposed a rate limiting dysfunction in the insular cortex (Nunn, Frampton, Gordon Lask, 2008). 
This structure is thought to have dense connections with other parts of the brain. The insular 
cortex integrates the neural circuitry of the frontal, somatosensory, parietal cortices and 
subcortical structures including the amygdala, hippocampus, hypothalamus and striatum. There 
is evidence that these structures are involved in emotional and reward processing, body size 
evaluation, obsessive compulsive behaviours, anxiety and executive function. The insular cortex 
is also thought to mediate the balance between adapting to the environment and regulating 
internal homeostasis (Nunn et al, 2008). This hypothesis (Nunn et al, 2008) has not yet been 
expanded to explain BN. Furthermore, dysfunction of the insular cortex may not specific to 
eating disorders since it is also common to mood disorders, panic disorders, PTSD, obsessive-
compulsive disorders and schizophrenia (Nagai, Kishi and Kato, 2008). 
 
Treasure’s model (in progress) of eating disorders proposes that dysregulated homeostatic and 
hedonic processes causes excessive cognitive control. This imbalance contributes to an array 
of symptoms seen in eating disorders. It is similar to the ‘cognitive interpersonal model of AN’ 
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(Schmidt and Treasure 2006) in proposing that cognitive and emotional styles are risk factors 
that are exacerbated in the illness state. However, Treasure’s model (in progress) extends this 
to provide a transdiagnostic model of eating disorders that accounts for altered reward 
sensitivity. This factor differs across the eating disorder spectrum and may predict prognosis in 
terms of the development of binge eating. The question of whether altered reward sensitivity 
differs across the eating disorder spectrum and predicts prognosis will be investigated in this 
thesis.  
 
Harrison (2010) has investigated the model proposed by Treasure and Schmidt (2006) to find 
out how cognitive styles such as rigidity, detail focused processing and difficulties in emotional 
functioning are related to eating disorders and their long term outcome. Using principal 
components analysis, it was revealed that within eating disorders there exists 3 independent 
profiles; the ‘fragmented perseverative’, ‘global flexible’ and ‘social emotional difficulties’. The 
‘fragmented perseverative’ profile refers to weak central coherence [measured  by the  Group 
Embedded Figures Task, (Witkin, Oltman, Raskin, and Karp, 2002) and  Rey Osterrieth 
Complex Figure Task, (Osterrieth 1944)] and inefficiencies in set shifting [measured by the 
Brixton task (Burgess & Shallice, 1997) and the Wisconsin Card Sorting Test, (Heaton et al., 
1993)]. The ‘global flexible’ profile is the antonym of the fragmented perseverative’ style. Lastly 
the ‘social emotional difficulties’ profile refers to emotional processing difficulties [measured by 
the Reading the Mind in the Eyes paradigm (Baron-Cohen et al 1997) and the Pictorial 
Emotional Stroop task (Ashwin et al 2006)].  
1.6.4. Harrisons model (2010) 
 
Those currently with an eating disorder or recovered were found to have higher scores for the 
‘fragmented perseverative style’ and ‘social emotional difficulties’ and lower scores for the 
‘global flexible style’ in comparison to controls. Whilst these 3 styles were not indicative of a 
diagnostic group they were found to significantly predict prognosis. A closer investigation into 
those with extremely impaired cognitive styles found that these were associated with the most 
chronic and severe forms of eating disorders.  Interestingly within the eating disorders group 
there were subgroups with extreme impairments in one, two or all 3 cognitive styles. Harrison 
(2010) has provided a visual depiction of these groups, which occur irrespective of diagnosis 
(See diagram 1.1). As shown, 11% have extreme impairments on all 3 cognitive styles. This 
group was found to have a significantly longer duration of illness, a lower BMI, a higher EDE-Q 
score (Eating Disorder Examination Questionnaire; Fairburn and Beglin, 1994) and more 
obsessive compulsive symptoms (measured by the obsessive compulsive inventory, Foa et al 
2002) in comparison to the remaining ED group who either had extreme impairments in one or 






Diagram 1.1: Venn Diagram Depicting the Proportion of ED Participants who Scored in the 
Extreme Range for the Cognitive Styles and Social Emotional Profile (Harrison 2010) 
 
 
In line with Harrison’s model (2010), which identified subgroups with specific deficits, there is 
additional evidence to suggest that a subgroup of people with more persistent and severe 
anorexia nervosa have comorbid autistic spectrum disorder or obsessive compulsive disorder. 
1.6.5. Autism model of eating disorders 
 
A longitudinal study has indicated that within AN, 37% have ASD or cluster C personality 
disorders which involve severe problems with social interaction compared with only 10% in the 
control group (Gillberg, Rastam and Gillberg 1996). Furthermore, these people with anorexia 
nervosa and ASD features are associated with poorer psychosocial functioning (measured by 
the Modified Morgan Russell scales; Ratnasuriya et al 1991 and the General Assessment of 
Functioning scale according to DSM-IV criteria) and a longer duration of illness (Wentz 2001; 
Wentz 2005). These problems in social interaction and obsessive compulsive behaviour are 
relatively stable traits of the AN phenotype since they were found to be present even after a 10 
year follow up (Wentz 2005; Gillberg, Rastam and Gillberg 1996). This subgroup displays a 
neuropsychological profile reminiscent to that found in autism and aspergers syndrome 
(Gillberg, Gillberg, Rastam and Joahannsen 1996).  
 
A critique of this model is worth highlighting. The cohort of women investigated by Gillberg and 
colleagues were assessed for ASD post AN onset. As of yet there is no evidence to indicate 
that these conditions exist premorbidly or increase the risk of developing AN. Notably research 
into child and adolescent samples with AN have failed to find a neuropsychological profile 
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reminiscent of autism. Instead, these samples had superior executive functioning (Hatch et al 
2010). In addition adolescent females with eating disorders (sample aged 8-16 of which 91% 
had AN) did not have a higher prevalence of ASD (Pooni et al 2012). However, there is 
evidence of some autistic features such as resistance to change and compulsive behaviours 
being present, although no difficulties in communication (Pooni et al 2012). It is possible that 
autistic features arise or are exaggerated after the ED onset. This would confer with previous 
research which has shown features characteristics of autism, such as weak central coherence 
(Roberts, Tchanturia and Treasure, 2011) and emotional processing abnormalities (Harrison et 
al 2009) to be exaggerated in the illness state. Therefore it is unclear whether these features 
are merely a consequence of the acute state or represent a premorbid or comorbid psychiatric 
diagnosis in itself. However in the absence of longitudinal studies this question remains to be 
answered.  
 
The focus of the present thesis is to explore whether genetic factors contribute to the previously 
outlined aetiological models by investigating specific risk phenotypes in a genetically informative 
sample. Research has demonstrated the genetic component to eating disorders. The heritability 
of narrowly defined AN as specified by DSM-IV criteria varies between 22% to 62% (Mazzeo et 
al., 2009, Bulik et al., 2006; Bulik et al 2010). The heritability for narrowly defined BN and binge 
eating disorder has been found to be 62% and 56% respectively (Bulik et al 2010; Javaras et al 
2008). Although these studies indicate a strong genetic component, it should be noted that the 
heritability estimates across studies vary substantially. This may be due to the substantial 
heterogeneity within the over arching diagnostic categories of AN and BN.  Heritability estimates 
for AN are more likely to be stable cross culturally in comparison to BN, suggesting a stronger 
genetic component (Keel and Klump 2003). The socio-cultural changes surrounding weight 
concern and surge in palatable foods may account for the increase in bulimia nervosa over the 
19th century (Habermas, 1989). 
1.7. Genetic basis of eating disorders 
 
Due to the complex aetiology of eating disorders, it is not unexpected that this transfers to its 
classification and diagnosis. At this time eating disorders are diagnosed on the basis of their 
visible phenotypes. These include core eating disorder problems experienced such as being 
underweight in AN or binge eating in BED and over or under control of eating in AN and BN 
respectively. The assignment to diagnostic categories serves to communicate clinical 
information, to choose the most effective intervention and to predict prognosis (First et al 2004). 
However diagnosis and subsequent treatment on the basis of visible symptoms may not be a 
useful device due to the wide heterogeneity within each diagnostic category and frequent 
fluctuation in symptoms over time (Treasure, Claudino and Zucker, 2010; Eddy et al 2008; 
Mazzeo et al 2009). As many as 55% of patients who initially suffer with restricting AN (i.e. AN-
R) subsequently develop the binge-purge subtype of AN (i.e. AN-BP), BN or EDNOS (Eddy et al 
1.8. Diagnostic difficulties 
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2008). Personality factors such as low self directedness and environmental factors such as high 
parental criticism are associated with diagnostic crossover from AN to BN (Tozzi et al 2005) 
 
Many patients do not satisfy all of the diagnostic criteria to attain a clinical diagnosis as 
specified by the DSM-IV or ICD-10 criteria. Amenorrhea is an unreliable diagnostic marker since 
menstruation may occur below the underweight threshold and regularity can be influenced by 
medication such as the contraceptive pill. In addition a subgroup of those with AN do not 
experience an intense fear of weight gain or a distorted body image (Strober et al. 1999). 
Furthermore the frequency of binge eating may not be attained for it to be diagnosed. A 
proposal for the DSM-V is that the frequency of binge eating be reduced to one episode per 
week.  
 
In addition to the aforementioned overt clinical symptoms that occur in EDs there are the 
secondary areas of disability which are overlooked by current diagnostic criteria. For example 
poor psychosocial functioning is a common feature (Wentz et al 2009) as is social isolation 
(Takahashi et al 2006). In the acute state there are elevated levels of obsessive compulsive 
behaviours (Crane et al 2007), increased anxiety (Godart et al 2000; Kaye et al 2004) and 
sensitivity to punishment ( Harrison et al 2010a). The prevalence of impulsive behaviours is also 
elevated, and varies across the eating disorder spectrum with the highest incidence in those 
marked by binge eating and the lowest in restrictive types (Harrison et al 2010d; Fernandez-
Aranda et al 2009; Matsunaga et al 1998; Boisseau et al 2009; Claes et al 2001). Most 
importantly, potential endophenotypes such as cognitive and emotional styles where people 
with eating disorders deviate from the norm (explained in detail in sections 1.16 to 1.19) are not 
included in the current DSM or systematically used in the diagnostic process.    
 
A further complication in understanding eating disorders is the impact that the symptoms 
themselves have on the brain, body and social networks of the individual, either directly or 
indirectly through psychogenic mechanisms. The brain itself has high caloric needs and 
undergoes profound changes in response to malnutrition, a problem that is particularly relevant 
to anorexia nervosa. Depression and anxiety are amplified by the physical impact of extreme 
weight loss. Also the disruption of eating behaviour (fasting, purging) is known to produce more 
widespread changes in behaviour and brain biology in animal models (Rada et al  2005; Avena 
et al  2005; Boggiano et al 2007;  Boggiano et al  2005; Avena & Hoebel  2003;  Corwin 2006; 
Corwin & Hajnal 2005). Furthermore disturbed eating behaviours produce profound 
interpersonal effects, by impacting on close others and prompting reactions towards the 
symptoms (Treasure et al 2008). These secondary consequences serve to maintain the illness 




To address diagnostic difficulties there have been various proposals for the re-classification and 
categorisation of eating disorders. The current diagnostic system for AN and BN is on the basis 
of overt symptoms and this has not changed substantially since 1987 (Walsh and Sysko 2009). 
A review of the current classification system is underway since the new DSM- V is to be 
delivered in 2013. 
1.9. Classification of eating disorders 
 
There have been numerous proposals for the DSM-V. For AN it is proposed that the DSM-IV 
criteria of weight loss leading to the maintenance of body weight less than 85% be changed to a 
more flexible criteria of a significantly low body weight. Furthermore amenorrhoea will no longer 
be required to attain this diagnosis. For BN the criteria for binge eating and inappropriate 
compensatory behaviours both to occur, on average, at least twice a week for 3 months has 
been reduced to once a week. In addition the distinction between purging and non-purging AN 
or BN types may be discarded. Binge eating disorder will now acquire its own distinct category 
and there will be an additional category; avoidant/restrictive food intake disorder characterised 
by an apparent lack of interest in eating or food and an excessive concern about the aversive 
consequences of eating. 
 
The transdiagnostic perspective proposed by Fairburn and colleagues (2003) outlines a broader 
conceptualisation of EDs. The major clinical features of rigid eating rules and over evaluation of 
weight and shape are present in all ED’s. (Fairburn, Cooper and Shafran, 2003). Moreover 
there is considerable overlap in their maintaining factors which include perfectionism, low self 
esteem, mood intolerance and interpersonal factors. 
1.9.1. Classification of eating disorders on the basis of behaviours 
 
However, others argue against transdiagnostic models as there is strong evidence to warrant 
the separation of some EDs (Williamson, Gleaves and Stewart, 2005). Research using 
taxonometric analysis has indicated that anorexia restricting types are qualitatively different 
from other ED’s since it is on a continuum with normality.  On the other hand ANBP is more 
similar to and on a continuum with BN (Gleaves, et al. 2000). This is due to the binge eating 
component which makes these disorders qualitatively different from normalcy and anorexia 
restricting types (Williamson, Gleaves and Stewart, 2005).  
 
A middle ground between transdiagnostic and uni-dimensional approaches is the ‘broad 
categories for eating disorder diagnosis’ system (BCD-ED) proposed by Walsh and Sysko 
(2009). This system is argued to reduce the need for the EDNOS category whilst preserving a 
three category system that resembles the DSM-IV: 1) AN and behaviourally similar, 2) BN and 





Categorising EDs on the basis of their associated personality traits has also been investigated. 
A review has shown that both AN and BN are consistently characterised by perfectionism and 
obsessive compulsiveness. The defining features of AN are high constraint persistence and low 
novelty seeking whereas BN is associated with higher impulsivity, sensation seeking and 
novelty seeking (Cassin and Ronson, 2005). There is also a behavioural distinction to be made 
within AN, with binge purge types having a higher prevalence of impulsive behaviours (such as 
substance abuse) than restrictive individuals (Krug et al 2009). 
1.9.2. Classification of eating disorders on the basis of personality traits 
 
Other research (Clifton and Norring, 2005) clustered EDs into 3 categories based on 
behavioural features. This included anorexics, overeaters and generalised eating disorder. 
These categories generated larger differences (or higher effect sizes) between groups for 
perfectionism and disturbed impulse regulation measured by the EDI-2 [(eating disorder 
inventory; Garner, 1992), Clinton and Norring, 2005]. This suggests that distinguishing eating 
disorders on the basis of their behavioural features may refine and capture more accurate 
categories.   
 
The gold standard method used to classify personality in eating disorders is Latent Profile 
Analysis (LPA). Three studies have adopted this method in eating disorders. Wonderlich and 
colleagues (2005) applied this method to BN and sub-threshold patients and found three main 
clusters; ‘affective-perfectionist’, ‘impulsive’ and a ‘low comorbid psychopathology’ cluster. 
Another study which applied LPA to AN patients distinguished 3 classes; 1) low symptom, 2) 
elevated drive for thinness, body dissatisfaction, neuroticism, trait anxiety, and harm avoidance 
and 3) elevated anxious/perfectionistic traits (Jacobs et al 2009). A study which conducted LPA 
in eating disorder patients including AN,  BN and EDNOS found 6 profiles: ‘self-focused’, 
‘inhibited’, ‘average’, ‘impulsive’, adaptive’ and ‘maladaptive’. The ‘inhibited’ and ‘maladaptive’ 
profiles were found to have the highest levels of ED symptoms and impulsive behaviours. It was 
concluded that these profiles may provide a more meaningful categorisation of eating disorders 
(Krug et al 2011). 
 
 With such varied proposals on the agenda, it is clear that further investigations are needed to 
inform the specific causes of these conditions with a view to informing a more robust 
classification system. 
 
Due to the aforementioned difficulties in diagnosis on the basis of visible phenotypes (section 
1.8), an increasingly popular approach in psychiatry has been to investigate endophenotypes. 
These include personality or neurocognitive traits. Treasure et al (2007) proposed that 
premorbid risk phenotypes include dysregulated 1) cognitive styles, 2) emotional processing 
and 3) reward sensitivity. These endophenotypes may be acquired as a consequence of 
1.10. The concept of endophenotypes 
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environmental effects over development or they may be innate and related to the genes; so 
called endophenotypes (Gottesman and Gould 2003). Endophenotypes may also involve an 
interaction between environmental factors and risk genotypes such as low functioning serotonin 
alleles which increase the risk of anorexia nervosa (Karwautz et al 2011). In this case 
environmental factors could include prenatal, cultural, social and interpersonal factors 
(Treasure, Claudino and Zucker, 2010). The consequences of malnutrition, abnormal eating and 
depressive or anxious symptomatology, post onset can exaggerate some of these anomalies 
and serve to maintain the symptoms (Schmidt and Treasure 2006).  
 
It can be difficult to disentangle these primary and secondary effects as there has been very 
little longitudinal research. One solution has been to investigate people who have recovered 
from the illness, with the assumption that any traits they manifest may represent the underlying 
biological vulnerability. However this assumption may be flawed for several reasons; for 
example the group who have recovered may have had a different form of illness to those that 
remain chronically ill, they may continue to have scars from the illness or alternatively treatment 
may have remediated some areas of difficulty. In the absence of informative prospective studies 
it is interesting to examine genetically informative samples such as first degrees relatives and 
twins. It is possible using these multiple methods of study to parse out which traits are 
premorbid genetic risks and those that are the consequence of or exacerbated by the illness 
state.  
 
Although the endophenotype and biomarker concepts have been used interchangeably in the 
literature, Gottesman and Gould (2003) use the former when there are some signs of heritability 
and use biomarkers when the trait does not fulfil the criteria of genetic underpinnings. 
Endophenotypes exist between the genes, which are expressed at the biological level and the 
phenotypes which are expressed at the behavioural or physiological level (See diagram 1.2). It 
is hoped that endophenotypes will provide a more direct association with the genotype than the 
















Diagram 1.2: Pathway Between the Genotype and Phenotype 
Diagram 1.2: shows how endophenotypes lie on the pathway between candidate genes 
(genotypes) that increase susceptibility to eating disorders’ and visible symptoms (phenotypes). 
Potential endophenotypes such as “weak central coherence” (which refers to deficits in global 
processing) maybe more directly associated with eating disorder aetiology. Weak central 
coherence may be involved in causing and maintaining visible symptoms such as the inability to 
see the adverse consequences of extreme food restriction on physical health. 
 
Several criteria should be met to attain endophenotype status (see table 1.3). Firstly, the 
endophenotype should be associated with the illness in the population. Secondly, the 
endophenotype should be heritable. Thirdly, the endophenotype should be manifested in the 
individual whether or not the illness is active. Fourthly, within families the endophenotypes and 
illness should co-segregate. Lastly, the endophenotype will be found in affected and non-
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Table 1.3: Endophenotype Criteria (Gottesman and Gould 2003) 
1. • Association with the illness in the population 
2. • Heritability 
3. • State-independence 
4. • Co-segregation with the illness in families 
5. • Presence in unaffected relatives at a higher level than in the general population 
The above criteria must be satisfied for the trait to be classified as an endophenotype. 
 
Various methodologies have been adopted to investigate endophenotype criteria in potential 
risk traits. The first criteria (as specified in table 1.3) has been investigated by comparing clinical 
samples with controls on risk traits. The third criteria have often been investigated by assessing 
whether the trait persists in the individual, post recovery. The fourth, fifth and to some extent the 
second endophenotype criteria can be investigated with familial studies. These refer to those 
which compare probands and their 1st degree relatives’ (i.e. unaffected siblings) to a control 
population. It is expected that unaffected siblings of the probands will be behaviourally similar 
since they share 50% of genes as well as environmental influences such as parenting styles 
and culture. However these studies do not necessarily parse out the effects of shared genes 
from shared environment thus leaving the second criteria of heritability only partially addressed. 
1.11: Endophenotypes: familial and twin studies 
 
Twin studies allow us to test the second endophenotype criteria of heritability. It was Francis 
Galton who first proposed twin studies as a method of determining the effects of nature and 
nurture in 1875. This instigated the ‘nature versus nurture’ debate. Twin methodology is based 
on three central assumptions. The first is that the effects of additive genetics are greater for 
monozygotic twins in comparison to dizygotic twins.  Since monozygotic twins have developed 
from a single egg and share 100% of genes any differences between them are assumed to be 
due to environmental factors. Nevertheless, it is noted that the assumption of monozygotic twins 
being genetically identical may not always be accurate since biological factors such as 
epigenetics can contribute to genetic differences within monozygotic twins (Bruder et al. 2008; 
Singh, Murphy and O’ Reilly, 2002). On the other hand, differences between dizygotic twins who 
have developed from two fertilized eggs and share 50% of genes (similar to normal siblings) are 
assumed to be due to both genetic and environmental factors.  The second assumption is that 
of ‘equal environments’, which proposes that monozygotic and dizygotic twins are equally 
correlated for their exposure to environmental influences. The equal environments assumption 
is not without criticism since various incidents can violate this, pre and post-natally (Plomin, 
DeFries, McClearn & McGuffin 2001). To illustrate a study of the intrauterine environment found 
that monozygotic twins concordant for schizophrenia were more likely to have been 
monochorionic (shared the same placenta) as opposed to those who were dichorionic pairs 
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(Reed et al 1991). However twin studies of eating disorders suggest that the equal 
environments assumption is not violated (Bulik et al 2000). The third assumption is that the trait 
is not subject to assortative mating (Neale et al. 1998). A comparison of within pair similarity 
between monozygotic and dizygotic twins provides a heritability estimate; i.e. the proportion of 
phenotypic variance that is attributable to genetic factors.  
 
Larger twin studies such as that conducted in chapter 2 can estimate the phenotypic variance 
attributable to 1) Genes (A: additive genetics) which refers to the effect of several genes 
influencing the liability of a trait, 2) Shared environment (C: common environment) which refers 
to factors such as education or parenting styles which both twins are exposed to and contribute 
to their similarities 3) Unique environmental factors (E: unique environmental effects) which 
refers to factors that only one twin is exposed to. The accuracy of heritability estimates in 
humans is not without criticism.  In comparison to human studies, those of animals or plant 
breeding such as those conducted by Gregor Mendel in 1866 can accurately estimate the 
phenotypic variance, since the differential environments (i.e. conditions) are controlled for. 
Although Mendel’s’ experiments on plants were initially ignored, their rediscovery signified the 
beginning of genetic science.  In more recent studies of humans, we are not able to assign 
genotypes (individuals) to specific environments (Kempthorne 1997). In human studies, only 
observation can occur. Therefore the accuracy of heritability estimates is subject to gene-
environment interaction and unique environmental factors.  
 
The contribution of genes varies widely across traits, disorders and even age.  Research has 
indicated significant increases in genetic influences with advancing pubertal development 
(Klump et al 2007). During ages 30 to 50, personality stabilises and the contribution of genes 
increases (Rebollo and Boomsma 2006). This developmental factor is especially relevant since 
the onset of eating disorders is most prevalent during adolescence. 
 
‘Single gene disorders’ such as Phenylketonuria (PKU) (which is an autosomal recessive inborn 
error of phenylalanine metabolism resulting from deficiency of phenylalanine hydroxylase) have 
relatively simple patterns of heritability caused by mutations in the PAH gene (Williams, 
Mamotte and Burnett, 2009). Others have more complex patterns of heritability such as that 
seen in psychiatric disorders where a variety of genes contribute to susceptibility and only 
specific traits are heritable (Marshall et al 2008).  
 
Some have argued that twin populations are not comparable to singletons due to the differential 
prenatal and postnatal environments. Obstetric complications in twin samples have been 
associated with an increased risk of BN and AN. Furthermore gestational age was associated 
with an increased risk of AN (Foley et al 2001). Secondly, differential sibling interaction may be 
especially the case for monozygotic twins as a result of their identical physical appearance. 
However research, which has investigated whether the heritability of certain traits may be 
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attributed to this competitiveness, has found it to be a negligible factor (Rebollo and Boomsma 
2006). Furthermore studies of the heritability of physical attributes and diseases have concluded 
that the results of twin studies can be generalised to singleton populations (Andrew et al 2001).  
 
There are also the practical difficulties of obtaining monozygotic and dizygotic twins. It has been 
highlighted that the number of dizygotic twins in the Caucasian population have been declining 
over the past 50 years and this cannot be explained by ascertainment bias (Hur, McGue and 
Lacano, 1995). 
 
Adoption studies provide the most powerful family design since any similarities between the 
child and adoptive parent can be directly attributed to environmental factors. Furthermore 
genetic factors can be determined by similarities between the child and biological parents 
(Plomin et al 2001). One study employing this method found increased risk of schizophrenia in 
adopted children who had biological relatives with schizophrenia (Kendler and Gruenberg 
1984). However obtaining such a unique sample can prove difficult and is beyond the scope of 
the present thesis. 
 
Molecular genetic investigations are also beyond the scope of the present thesis. In comparison 
to twin studies, which demonstrate the heritability of traits, linkage and association studies 
utilise information about heritability to help search for specific genes that are associated with 
these traits.  
 
The aim of the following sections is to present the current evidence of potential endophenotypes 
in people with eating disorders. Findings in the acute state and wherever possible in the 
recovered state are also reported to remove some of the confounding changes that occur in the 
acute state due to malnutrition or other eating disorder symptoms. As yet there is no evidence 
measuring these traits before onset. Also reviewed are studies which have examined these 
traits in 1st degree relatives. Finally, given the negligible research linking these neurocognitive 
traits with a biological foundation, a synthesis of research exploring the biological and genetic 
basis of these traits in eating disorder samples is presented. Evidence of these traits in 
conditions that are comorbid with eating disorders is also provided. These include attention 
deficit hyperactivity disorder (ADHD) (Seitz et al 2011), autistic spectrum disorder (ASD) (Wentz 
et al 2005), obsessive compulsive disorder (OCD) (Godart et al 2006), depression (Godart et al 
2007), anxiety disorders (Kaye et al 2004) and addictions (Krug et al 2009).  
1.12. Endophenotypes in eating disorders 
 
Perfectionistic and obsessive compulsive traits consistently characterise both AN and BN 
(Anderluh et al 2009). The defining features of AN are high constraint persistence and low 
novelty seeking whereas BN is associated with higher impulsivity, sensation seeking and 
1.13. Personality and behavioural profiles 
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novelty seeking (Cassin and Ronson, 2005). These defining features will be explored in terms of 
their endophenotypes status in the following sections. 
 
Research into psychiatric disorders and control samples has investigated the presence and 
genetic basis of obsessive compulsive personality disorder (OCPD) or obsessive compulsive 
disorder (OCD). Research has also investigated features that reflect these conditions, such as 
‘traits reflecting an obsessive compulsive personality’ (OCP) or ‘obsessive compulsive traits’ as 
opposed to the presence of the entire diagnosis itself.  
1.14. Definition of obsessive compulsive personality features 
 
The DSM-IV-TR has defined OCPD as a preoccupation with orderliness, perfectionism and 
mental and interpersonal control at the expense of flexibility, openness and efficiency, beginning 
in early childhood (DSM-IV TR; American Psychiatric Association, 2000). 
 
OCD has been defined as an anxiety disorder that exhibits obsessive or compulsive behaviours. 
In this context obsessions are defined as persistent thoughts, impulses, or images that are 
experienced as intrusive and cause marked anxiety. The thoughts are not simply excessive 
worrying. The person may try to neutralise the thoughts with another thought or action. 
Compulsions are defined as repetitive behaviours or mental acts that the person feels driven to 
perform in response to an obsession. The compulsion will reduce or prevent the individual’s 
anxiety, even though the compulsion and its resultant anxiety reduction may not be logically 
linked.  
 
Features reflecting OCP and OCD are known to inform the risk and progression of eating 
disorders. Within eating disorders, OCP traits may manifest in high levels of perfectionism and 
chronic doubt. Furthermore the behavioural inflexibility aspects of OCP may manifest in 
ritualised and repetitive behaviours such as exercising compulsively, calorie counting, body 
checking and food rituals (Sherman et al 2006; Steinglass and Walsh 2006; Drewnowski, Pierce 
and Halmi, 1988).   
1.14.1. Obsessive compulsive personality features in relation to eating disorders symptoms 
 
Underlying repetitive behaviours and compulsive symptoms seen in both OCD and anorexia 
nervosa are possible deficits in implicit learning (an executive function of the frontal lobe). This 
refers to difficulties in learning new behaviours, which are mediated by the cortico-striatal 
circuits (Steinglass and Walsh 2006).  
1.14.2. Neural correlates of obsessive compulsive personality features 
 
Research has found compulsive symptoms such as checking, washing and hoarding to be 
associated with distinct parts of the frontostriatothalamic circuits which have been previously 
implicated in cognitive and emotional processing (Matiax-Cols et al 2004). 
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The EATATE lifetime diagnostic interview (Anderluh et al 2003) was developed to 
systematically assess childhood behaviours reflecting an OCP in eating disorders (i.e. OCP 
features). Research using this instrument has found elevated levels of OCP traits in eating 
disorders, with the highest prevalence in AN-R (Anderluh et al 2003) and anorexia nervosa 
purging type (AN-P) (Halmi et al 2011). A different self report instrument (Childhood risk factors 
questionnaire: Kim, Heo, Kang, Song and Treasure et al. 2010) found retrospective accounts of 
elevated pre-morbid anxiety and perfectionism to be equally prevalent in a Korean sample with 
AN (Kim, Heo, Kang, Song and Treasure et al. 2010). OCP traits (measured by the EATATE) 
have also been found to be associated with specific behavioural traits such as body 
dissatisfaction and drive for thinness (eating disorder inventory version 2, Garner, 1992) as well 
as ICD-10 (WHO, 1992) defined symptoms of anorexia nervosa (Halmi et al 2011). 
1.14.3. Obsessive compulsive personality features in eating disorders 
 
OCP features appear to occur pre-morbidly. Studies using the self- report version of the 
EATATE (childhood retrospective perfectionism questionnaire) have found by regression 
analysis that pre-morbid obsessive compulsive personality traits are a strong predictor of 
developing an eating disorder (Southgate et al. 2008). The risk of developing an eating disorder 
increased 6.9 times with every additional OCP trait reported using the interview method 
(Anderluh et al 2003). Inevitably retrospective reports of premorbid traits are biased. For 
example the individual may search for possible factors that contributed to the development of an 
eating disorder.  However others have also found OCPD (DSM-II-R diagnoses) to exist prior to 
onset in 35% of those with AN (Rastam 1992).  
 
OCP features are also positively associated with the severity of behavioural and 
psychopathological eating disorder symptoms. Behavioural inflexibility in childhood and 
perfectionism was associated with a longer duration of dieting, fasting, duration of AN and a 
shorter duration of binge eating (Anderluh et al 2009). Similarly rule-bound traits in childhood 
have been associated with longer periods of being underweight and excessive exercising 
(Anderluh et al 2009). Furthermore OCP traits have been associated with the eating disorder 
neurocognitive profile, specifically weak central coherence referring to a detail focused 
processing style (Lopez, Tchanturia and Treasure 2008d) and poor set shifting which indicates 
cognitive inflexibility (Tchanturia, et al 2004; Roberts, Tchanturia and Treasure 2010).  
 
A longitudinal investigation (Nilsson, Gillberg, Gillberg and Rastam, 1999; Rastam, Gillberg and 
Gillberg 1995) has shown that co-morbid obsessive compulsive behaviours characterise the 
more chronic forms of anorexia nervosa with poorer outcome (measured by the Morgan Russell 
scale) (Nilsson, Gillberg, Gillberg and Rastam, 1999; Rastam, Gillberg and Gillberg 1995). In 
this cohort of adolescents with anorexia nervosa, OCD traits combined with empathy disorders, 
more accurately predicted outcome in terms of recovery, physical symptoms and social 
relationships than the AN diagnosis itself (Gillberg, Rastam and Gillberg, 1995).  
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Co-segregation of eating disorders and OCP traits within families has been investigated using 
genetically informative samples such as first degrees relatives. Evidence indicates that OCP 
traits are familial risks since perfectionism (Multi dimensional perfectionism scale; Frost, Marten, 
Lahart and Rosenblate, 1990), OCPD (measured by the SCID; structured clinical interview for 
psychiatric disorders, Spitzer, Williams, Gibbon and First, 1990) and OCD (measured by the 
National Institute of Mental Health Diagnostic Interview Schedule) are elevated in unaffected 
family members (Woodside et al 2004; Lilenfeld et al 1998; Bellodi et al 2004).  
1.14.4. Obsessive compulsive personality features in eating disorders: familial traits 
 
Furthermore, poor set shifting- a marker of behavioural flexibility and obsessive compulsive 
symptoms appears to be a familial trait as it was found in unaffected sisters of those with an 
eating disorder (Roberts, Tchanturia and Treasure 2010). The familial liability of these traits is 
the product of shared genes as well as environmental factors.  
 
Twin studies assessing the specific contribution of genes have found perfectionism to be 
heritable (Wade et al, 2008). Molecular genetic studies have gone on to implicate the 5-HT2A 
receptor gene in increasing the shared risk of both AN and OCD behaviours such as harm 
avoidance, perfectionism and obsessionality (Enoch et 1998; Rybakowski et al 2006).  
Furthermore, genetic studies have found that the dopamine receptor gene which is associated 
with dysfunctional eating in AN, is also associated with personality traits such as perfectionism 
(Bachner-Melman et al 2007). This suggests that risk genotypes associated with serotonin and 
dopamine functioning may predispose an individual to OCP traits and the risk of developing 
anorexia nervosa. Although it is noted that specific genes often account for relatively little 
variance in psychiatric traits (Gottesman and Gould, 2003).  
1.14.5. Obsessive compulsive personality features in eating disorders: biological underpinnings 
 
The aetiology of the aforementioned traits in eating disorders is often accounted for by an 
interaction between an initial genetic predisposition and environmental factors.  For example 
early life precipitants including perinatal factors such as the maternal reporting of stress during 
pregnancy has been associated with cognitive inflexibility and perfectionism in AN (Favaro and 
Santonastaso, 2010; Favaro and Santonastaso, 2008). Other research has also confirmed the 
association between perinatal and postnatal factors and the expression of OCD (Vasconcelos et 
al. 2007).   
 
 
1.15. Impulsive behaviours  
Impulsivity is an umbrella term encompassing urgency, sensation seeking, lack of premeditation 
and perseverance (Whiteside and Lynam 2001). These maladaptive behaviours often involve 
an altered sensitivity to reward whereby there is ‘wanting’ without necessarily wanting to do so 
1.15.1. Definition of impulsive behaviour 
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at the more cognitive and conscious level. Addictive behaviours provide a suitable illustration of 
this concept. In this case ‘wanting’ occurs by way of an incentive that involves sensitization of 
the mesolimbic dopamine system and connected structures (Berridge, 2007).  
 
Impulsive behaviours have been found in all eating disorders, although are most prevalent in 
those marked by binge eating in comparison to restrictive types (Favaro et al 2005; Fernandez-
Aranda et al 2008).  Patients with BN tend to show higher levels of impulsivity than patients with 
AN (Boisseau et al 2009; Claes et al 2001). However comparisons between AN subdiagnosis 
have shown differences on measures of impulsivity, with ANBP types generally exhibiting higher 
levels of impulsivity than individuals with AN-R (Eddy et al 2002).   
1.15.2. Impulsive behaviour in relation to eating disorder symptoms 
 
Impulsive behaviours include purging; specifically vomiting and this has been associated with 
personality traits of novelty seeking and lower levels of perfectionism (Reba et al 2005). Outside 
of dysfunctional eating patterns impulsive behaviours may also manifest as self-injury, 
substance abuse and suicide (Favaro et al 2007; Dunn et al 2002; Fernandez-Aranda et al 
2006). 
  
Patients with bulimia nervosa tend to show higher levels of impulsivity in comparison to patients 
with anorexia nervosa (Boisseau et al 2009; Claes et al 2001). However a comparison between 
ANR and ANBP has shown no overall differences on measures of impulsivity which included 
alcohol abuse, drug abuse and suicideality. It is noteworthy that within this study 62% of those 
with ANR had crossed over to ANBP at an eight year follow up (Eddy et al 2001). Research has 
led to the suggestion that there may exist a subgroup within bulimia nervosa who is genetically 
predisposed to much higher levels of impulsivity (Fernandez-Aranda et al 2008; Matsunaga et al 
1998). In support, research has found that 23% of those with BN have a comorbid diagnosis of 
impulse control disorder (Fernandez-Aranda et al 2006). 
 
Whilst impulsivity distinguishes between diagnostic groups, it may also be predictive of the 
longitudinal course of the illness. Impulsivity, in addition to symptom severity, and chronicity was 
found to explain 45% of the variance in unfavourable outcomes at a 12 year follow up of women 
with anorexia nervosa (Fichter, Quadflieg and Hedlund, 2006). Research indicates that people 
with bulimia nervosa and comorbid multi-impulsive behaviours or impulse control disorder (ICD) 
have a slower response to treatment, more severe eating disturbances and pathological 
personality disturbances (Fahy and Eisler, 1993, Fernandez-Aranda et al 2008, Fernandez-
Aranda et al 2006). Impulse control disorders are also predictive of still having bulimia nervosa 





Studies of genetically informative samples such as twins and sibling pairs indicates that traits 
related to impulsive behaviours such as sensitivity to reward (Wade et al 2008; Karwautz et al 
2002) and novelty seeking are familial risks (Wade et al 2004). Studies have also shown higher 
rates of alcohol and substance use disorders in family members of women with bulimia nervosa 
(Bulik, 1991; Kaye et al 1996) 
1.15.3. Impulsive behaviours in eating disorders: familial traits 
 
The extent to which reward sensitivity and impulsivity is the consequence of environmental 
factors or genes has been investigated. In representative samples a review has found a 
consensus of 45% of the variance in impulsivity, assessed by self-report measures, to be 
accounted for by genetic factors (Congdon and Canli, 2008; Hur and Bouchard, 1997; 
Pedersen, Plomin, McClearn & Friberg, 1998). 
1.15.4 Impulsive behaviours in eating disorders: biological underpinnings 
 
Molecular genetic studies of bulimia nervosa have found evidence that gene environment 
interaction may contribute to impulsivity. Women with bulimia nervosa who are carriers of the 
5HTTLPR s-allele and report a history of sexual or physical abuse show elevated levels of 
affective instability and impulsivity (Steiger et al 2008).  Previously, research has linked 
impulsivity in bulimia nervosa with reduced 5-HT reuptake (Steiger et al 2003).  
 
Furthermore, other research found the co-morbidity between bulimia nervosa and drug use to 
be mostly accounted for by heritable factors (genetic factors: 83%, non-shared environmental 
factors: 17%) (Baker et al 2007). 
 
Studies of representative samples indicate that disinhibited eating behaviour such as bingeing 
and purging has been associated with an increased frequency of the G allele of the 5HT2A 
receptor gene -1438A/G polymorphism (Nishiguchi et al 2001). Women who carry the BDNF 
Met-allele are more prone to binge eating in response to severe food restriction (Akkermann, 
Hiio, Villa and Harro 2010).  
 
Overall people with AN have above average cognitive abilities predominantly in regard to verbal 
abilities (measured by the NART; Nelson and Wilson, Lopez et al 2010; Tchanturia et al 2005; 
Southgate, Tchanturia and Treasure, 2006). Other abilities used to generate an IQ score for the 
Weschler scales, such as mixed verbal and visual spatial abilities are reported to be impaired in 
AN (Southgate, Tchanturia and Treasure, 2006).  In line with these latter impairments, research 
has demonstrated specific cognitive features to exist in eating disorders, which includes poor 
set shifting and weak central coherence. 





1.17. Set shifting 
Cognitive flexibility, when applied to real life encounters has two aspects which are 
spontaneous and reactive flexibility. Spontaneous flexibility refers to the ability to generate 
diverse and creative responses and bypass habitual strategies in response to a single task. 
Reactive flexibility refers to the ability to readily shift cognitions and behaviour according to the 
changing demands of a situation (Eslinger and Grattan 1993).   
1.17. 1. Definition of set shifting 
 
Miller and Cohen (2001) argue that set shifting functions are dependent on the prefrontal 
cortices’ (PFC) ability to co-ordinate activity in other parts of the brain.  Studies using FMRI 
(functional magnetic resonance imaging) in control samples have shown that the dorso-lateral 
prefrontal cortex (DLPFC) is actively engaged when switching between rules (Ravizza and 
Carter, 2008). Moreover damage to the dorsolateral frontal lobe is associated with an impaired 
ability to adapt to new rules on the WCST task [Wisconsin Card Sorting Test; Heaton et al., 
1993, (Milner, 1963)]. 
1.17.2. Neural correlates of set shifting 
 
People with eating disorders have features such as rule bound behaviour (excessive 
compliance with rules set by parents and teachers) and behavioural inflexibility (difficulties in 
adjusting to change or making contingency plans) that exist premorbidly (Anderluh et al 2003) 
and in adolescence (McNarney et al 2011). These features are suggestive of problems in 
cognitive flexibility. The degree of chronicity, severity and response to treatment in anorexia 
nervosa has been associated with features linked to cognitive and behavioural inflexibility 
(Anderluh et al 2009). 
1.17.3. Set shifting in relation to eating disorders symptoms 
 
In the acute state, cognitive inflexibility can manifest itself through ritualised and repetitive 
behaviours. Inflexible rule-driven eating patterns may involve counting calories and using 
numbers to manage eating behaviours as well as avoiding certain foods such as carbohydrates 
or those high in fat content. Excessive exercising may also occur in a repetitive rule-bound 
manner (Steinglass and Walsh 2006; Drewnowski, Pierce and Halmi, 1988). In other cases 
more typical OCD behaviours such as excessive cleaning, ordering and hoarding may occur.  
 
In an experimental setting, the field of eating disorders has employed a variety of 
neuropsychological tasks to explore the nature of cognitive flexibility. The WCST (Wisconsin 
Card Sorting Test, Heaton et al., 1993) and Brixton task (Burgess & Shallice, 1997) have been 
commonly used (see table 1.4).  A systematic review by Roberts et al (2007) concluded that 
people with eating disorders had difficulties in set shifting.    
1.17.4. Set shifting in eating disorders: acute state 
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Following the systematic review by Roberts et al (2007) there have been further studies 
confirming this association in adults as well as adolescents (Tchanturia et al 2011a; Abbate-
Daga et al 2011; Konstantakopoulos et al 2011; McAnarney et 2010; Roberts et al 2010, Teconi 
et al 2010; Nakazato et al 2010; Nakazato et al 2008). A synthesis of these studies (see table 
1.4) indicates that people with eating disorders differ from healthy controls with an overall 
medium effect size on the WCST (weighted effect size: d= 0.56) and the Brixton task (weighted 
effect size: d= 0.57).  
 
There are no overall differences between AN and BN for difficulties in set shifting as measured 
by the WCST (perseverative errors) (weighted effect size AN: d= 0.55; weighted effect size BN: 
d= 0.54). However, a greater overall deficit on the Brixton task was found for AN (weighted 
effect size AN: d= 0.45; weighted effect size BN: d= 0.23) (see table 1.4). Differences in set 
shifting difficulties measured by the Brixton task and the WCST may be explained by the tasks 
differences in level of complexity.  In the WCST task, participants are not given explicit 
instructions that they will need to adapt to new rules throughout the task, although this is the 
case in the Brixton task. Furthermore in the WCST, participants are told whether their response 
is correct, allowing them to learn from feedback (Tchanturia et al 2012). Variations between 
findings for the WCST and Brixton task across studies is also in part attributed to the use of 
different versions (pen and paper or computerised) and different outcome variables (number of 
correct responses, categories completed or number of perseverative errors). Therefore a 
compilation of all studies from one centre administering these measures in the same manner is 
of interest. Recent work which sought to do this, found set shifting difficulties in people with 
eating disorders and found no overall differences between AN and BN in comparison to controls 
for the WCST (perseverative errors) (AN: d=0.8, BN: d= 0.9) (Tchanturia et al 2012) and a 
greater overall deficit on the Brixton task in AN (AN: d=0.6, BN: d= 0.3) (Tchanturia et al 2011). 
 
Poor cognitive flexibility measured by the Brixton task and WCST was found to be associated 
with a longer duration of illness and more severe eating disorder rituals (Roberts et al 2010). 
Furthermore AN inpatients have greater difficulties on the Brixton task than outpatients 
(Tchanturia et al 2011). Therefore this phenotype is a marker of prognostic relevance for people 
with eating disorders. 
 
Set shifting deficits have been found to persist in recovery although in an attenuated form 
(Tenconi et al 2010; Nakazato et al 2008; Nakazato et al 2008; Tchanturia, Morris, Anderluh, 
Collier, Nikolaou, Treasure,2004; Tchanturia et al 2011) (See table 1.4). A synthesis of these 
studies indicates that people recovered from AN, differ from healthy controls with an overall 
small effect size on the WCST (perseverative errors) (weighted effect size: d= 0.35) and the 
Brixton task (weighted effect size: d= 0.33) (see table 1.4). It may be that this deficit is a scar 
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from the illness. Alternatively it may suggest that it has an innate cause, which is exacerbated 
as a secondary consequence of poor nutritional status. 
 
More recently, studies have assessed the presence of such traits in first degree relatives and 
have found that they are shared traits (Roberts et al 2010; Tenconi et al 2010) (See table 1.4). 
A synthesis of these studies indicates that 1st degree relatives of people with eating disorders 
differ from healthy controls with an overall medium effect size on the WCST (perseverative 
errors) (weighted effect size: d= 0.49) but only a negligible effect size on the Brixton task 
(weighted effect size: d= 0.01) (see table 1.4). 
1.17.6. Set shifting in eating disorders: familial traits 
 
Biological markers thought to be linked with set shifting abnormalities have been examined in 
both the acute and recovered state. The biological marker; brain derived neurotrophic factor 
(BDNF) is known to modulate levels of serotonin and the plasticity of brain mechanisms 
involved in learning and memory. In AN and BN, levels of BDNF have been found to be 
attenuated. However there is no association between BDNF serum levels and performance on 
the WCST in eating disorders (Nakazato et al 2003; Nakazato 2008).   
1.17.7. Set shifting in eating disorders: biological underpinnings 
 
Research investigating the genetic risk of set shifting difficulties in eating disorders has shown 
that the COMT Val158Met genotype does not moderate set shifting abilities (measured by the 
Trail Making Task, Reitan, 1955) in eating disorders (Kim, Kim and Kim  2010).  
 
People with anorexia nervosa have abnormal brain activation in the fronto-striato-thalamic 
pathways during a behavioural response set shifting task. Specifically, there is hypoactivation in 
parts of the brain involved in motivation related behaviours and over activity in parts of the brain 
involved in supervisory cognitive control (Zastrow et al 2009). 
 
Deficits in set shifting have been found  in 1st degree relatives of other psychiatric illnesses such 
as  schizophrenia (Breton et al 2010; Lien et al 2010; Lee et al 2008; Barrantes-Vidal 2007; 
Szoke et al 2006; Bolte and Poutska 2006; Klemm et al 2006; Thompson et al 2005; Zalla et al 
2004; Sitskoorn et al 2004), bipolar disorder (Juselius et al 2009; Trivedi et al 2008; Frantom, 
Allen and Cross, 2008; Arts et al 2008; Bora, Yucel & Pantelis, 2009), autistic spectrum disorder 
(Sumiyoshi et al 2010; Bolte and Poutska 2006; Ozonoff et al 1993; Szatmari et al 1993) 
attention deficit hyperactivity disorder (Bidwell et al 2007; Slaats-Willemse et al 2007; Seidman 
et al 2000) and obsessive compulsive disorder (Cavedini et al 2010). This suggests that it is a 
familial risk factor which impacts on a broad range of psychiatric disorders. 




A meta-analysis of 16 studies (Barnett, Scoriels and Munafo 2008) including control and 
samples with schizophrenia found a small association between the Val158Met COMT genotype 
and the WCST perseverative errors in control individuals. Although no overall association was 
found between the WCST and the COMT 158 Met allele in schizophrenia. This review found 
that earlier studies of the COMT 158 Met allele in schizophrenia had positive findings of it’s’ 
association with the WCST perseverative errors. 
1.17.9. Set shifting in normal and psychiatric disorders: biological underpinnings 
 
In people with ADHD, the WCST perseverative error is associated with a region on 




Table 1.4: Set Shifting in Current and Recovered Eating Disorders and Their 1st Degree Relatives. 
 Comparison groups Test Findings Effect size 
comparison 
Current Eating Disorders 
Thompson (1993) AN (n=10) Controls (n=10) WCST PE errors AN> Controls (d=0.50) 
Fassino et al. (2002b) AN (n=20) Controls (n=20) WCST PE errors AN> Controls (d=0.62) 
Koba et al. (2002) AN (n=11) Controls (n=7) WCST PE errors AN> Controls (d=1.25) 
Ohrmann et al. (2004) AN (n=11) Controls (n=11) WCST PE errors AN> Controls (d=0.62) 
Steinglass, Walsh and 
Stern (2006) 
AN (n=15) Controls (n=11) WCST PE errors AN> Controls (d=0.04) 
Gadas et al (2009) ED (n=60) 
Schizophrenia (n=20) 
Controls (n=30) WCST PE errors ED= Controls 
ED < Schizophrenia* 
 
Namyslowska et al 
(2009) Conference 
AN (n=30) BN (n=30) Controls (n=39) WCST PE errors AN> Controls 
 
 
Nakazato et al (2010) 
and Nakazato et al 
(2008) 
AN (N=24) Controls (n=28) WCST PE errors AN  > Controls (d=0.74)** 
Roberts et al (2010) ANR (n=35) 
ANBP (n=33) 
Controls(n=88) WCST PE errors ANR >Controls (d=0.3) 
ANBP > Controls (d=0.75)** 
Tenconi et al (2010) AN (n=153) Controls (n=120) WCST PE errors AN> Controls  (d=0.41)* 
Abbate-Daga et al 
(2011) 
AN (n=30) Controls (n=30) WCST PE errors ANR > Controls 
ANR = Controls (covaried, BMI, 
depression and years of education) 
(d=0.65) 
McAnarney et al (2011) AN (n=24) Controls (n=37) WCST PE errors ANR < Controls (d=-0.51) 
Tchanturia et al (2011) AN (n=171) 
BN (n=82) 
Controls (n=171) WCST PE errors AN > Controls  (d=0.8)** 
 Weighted effect size AN, WCST PE errors: d= 0.55  




AN (n=30) BN (n=30) 
 
 
Controls (n=39) WCST PE errors BN=Controls  
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Controls(n=88) WCST PE errors 
 
BN  > Controls (d=0.5)* 
Bucci et al (2010) BN (n=83) Controls (n=77) WCST PE errors BN= Controls (d=0) 
Tchanturia et al (2012) AN (n=171) 
BN (n=82) 
Controls (n=171) WCST PE errors BN > Controls  (d=0.9)** 
 Weighted effect size BN, WCST PE errors: d= 0.54  
Gadas et al (2009) ED (n=60) 
Schizophrenia (n=20) 
Controls (n=30) WCST PE errors ED= Controls 
ED < Schizophrenia* 
 
Harrison (2010) ED (n=98) Controls (n=89) WCST PE errors ED > Controls (d=0.72) ** 
Goddard (2011) ED Male (n=29) 





WCST PE errors ED > HC * 
Males  >  Females * 
 
 Weighted effect size EDs (ED + AN + BN), WCST PE errors: d= 0.56 
  
Holliday et al (2005) AN (n=47) Controls (n=47) Brixton errors AN < Controls (d=-0.29) 





Controls(n=88) Brixton errors ANR >Controls (d=0.1) 






AN (n=25), BN (n=15) Controls (n=35) Brixton errors AN > Controls (d=0.97)* 
AN > BN (d=0.7) 
Tchanturia et al (2011) AN (n=215), BN (n=69), 
EDNOS (n=29) 
Controls (n=216) Brixton errors 
 




 Weighted effect size AN, Brixton errors: d= 0.45 (n=819) 
Tchanturia et al (2004) BN (n=19) Controls (n=35) Brixton errors BN > Controls (d=0.07) 


















AN (n=25), BN (n=15) Controls (n=35) Brixton errors BN > Controls (d=0.32)* 
AN > BN (d=0.7) 
Tchanturia et al (2011) AN (n=215), BN (n=69), 
EDNOS (n=29) 
Controls (n=216) Brixton errors 
 
BN > Controls (d=0.3) 
 Weighted effect size BN, Brixton errors: d= 0.23 
Harrison (2010) Thesis ED (n=98) Controls (n=89) Brixton errors ED > Controls (d=0.56) ** 
Tchanturia et al (2011) AN (n=215), BN (n=69), 
EDNOS (n=29) 
Controls (n=216) Brixton errors EDNOS > Controls  (d=1.7)* 
Goddard (2011) ED Male (n=29) 





Brixton errors ED > HC * 
 
 
 Weighted effect size EDs (ED + AN + BN), Brixton errors: d= 0.57 
Recovered 
Nakazato et al (2010) 
and Nakazato et al 
(2008) 
Recovered AN (n=18) Controls (n=28) WCST PE errors AN recovered = Controls (d=0.33) 
Roberts et al (2010) Recovered AN (n=30) Controls (n=88) WCST PE errors AN recovered = Controls (d=0.15) 
Tenconi et al (2010) AN long term recovered 
(n=29), AN weight 
restored (n=63) 
Controls (n=120) WCST PE errors AN long term recovered > Controls* 
 
(d=0.44) 
AN weight restored > Controls* (d=0.42) 
Harrison (2010) Thesis Recovered AN (n=35) Controls (n=89) WCST PE errors AN recovered > Controls (d=0.22) 
Tchanturia et al (2012) Recovered AN (n=90) Controls (n=199) WCST PE errors AN recovered > Controls** (d=0.4) 






Recovered AN (n=18) Controls (n=36) Brixton errors AN recovered > Controls (d=0.34) 
Roberts et al (2010) Recovered AN (n=30) Controls (n=88) Brixton errors AN recovered = Controls (d=0.05) 
Harrison (2010) Thesis Recovered AN (n=35) Controls (n=89) Brixton errors AN recovered > Controls (d=0.41) 
Tchanturia et al (2011) Recovered AN (n=72) Controls (n=216) Brixton errors AN recovered > Controls (d=0.4) 
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 Weighted effect size recovered AN, Brixton errors: d= 0.33 
1st Degree Relatives 
Roberts et al (2010) Non-AN sisters (n=30) 
Non-BN sisters (n=20) 




Tenconi et al (2010) Non-AN sisters (n=28) Controls (n=120) WCST PE errors Non-AN sisters > Controls (d=0.65)* 
 Weighted effect size AN 1st degree relatives, WCST PE errors: d= 0.62 
Roberts et al (2010) Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) WCST PE errors Non-BN sisters > Controls (d=0.18) 
 Weighted effect size ED (AN+BN) 1st degree relatives, WCST PE errors: d= 
0.49 
 
Holliday et al (2005) Non-AN sisters (n=47) Controls (n=47) Brixton errors Non-AN sisters < Controls  (d=-0.46)* 
Roberts et al (2010) Non-AN sisters (n=30) 
Non-BN sisters (n=20) 




 Weighted effect size AN 1st degree relatives, Brixton errors: d=-0.18 
Roberts et al (2010) Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) Brixton errors Non-BN sisters > Controls  (d=0.39)* 
, Weighted effect size ED (AN+BN) 1st degree relatives, Brixton errors: d= 
0.01 
WCST PE errors (Wisconsin card sorting task Perseverative errors) (Heaton et al., 1993)  
Brixton task (Burgess & Shallice, 1997) 





1.18. Central Coherence 
According to the global precedence theory, perception involves a balance between global and 
local processes. A temporal sequence of perception usually begins with seeing the global 
structure followed by perceiving the finer details (Navon 1977). The overall balance between 
global over detail has been termed central coherence and the opposite of this, weak central 
coherence is considered to be one marker of ASD (Happe and Booth 2008).  
1.18. 1 Definition of central coherence 
 
Investigation into the physiological underpinnings of weak coherence in ASD suggests that 
there may be reduced synchronisation across the cortical network (Frith 2004; Brock et al 
2002). Detailed (or local) processing (measured by the Embedded Figures Test; Witkin, Dyk, 
Faterson, Goodenough and Karp, 1962) in autistic spectrum disorder is associated with greater 
activation in the ventral occipitotemporal regions (visual systems utilised for object feature 
analysis) (Ring et al 1999). Parents of those with autism also show superior detail processing 
and increased activity in the visual cortex (middle occipital and lingual gyri) (Baron-Cohen et al 
2006). This contrasts with the comparison group who showed greater activation in the prefrontal 
cortices (Ring et al 1999).  
1.18. 2. Neural correlates of central coherence 
 
There are several clinical features that are suggestive of enhanced detail processing in people 
with eating disorders including obsessive-compulsive personality traits and perfectionism 
(Lopez et al 2008a). Furthermore, difficulties in global integration may contribute to the 
preoccupation with specific parts of the body and the impaired ability to identify the broader 
consequences of their disorder such as malnutrition and poor physical health. 
1.18. 3. Central coherence in relation to eating disorders symptoms 
 
The vast majority of research into weak central coherence in the field of eating disorders has 
focused on local processing in the visual domain. Although weak central coherence can also 
influence performance in other domains such as the processing of music (Mottron, Peretz and 
Menard, 2000) and linguistics (Joliffe and Baron-Cohen, 1999). In an experimental setting, the 
field of eating disorders has employed a variety of neuropsychological tasks to explore the two 
dimensions (strength in detail and weakness in global processing), which contribute to weak 
central coherence. The most commonly used have been the Group Embedded Figures Task 
(GEFT, Witkin, Oltman, Raskin, and Karp, 2002), used to assess detailed processing and the 
Rey Osterrieth Complex Figure Task (ROCF, Osterrieth 1944), used to assess global 
integration as well as detailed processing (See table 1.5). However, the exact form of 
administration and scoring procedure used, varies and sometimes is not clearly specified, 
making the synthesis of the results difficult. Nevertheless, a systematic review by Lopez and 
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colleagues (2008d) concluded that detailed processing is more dominant than a global strategy 
in eating disorders. A review of bulimic disorders (BN and BED) concluded that there was some 
evidence of impairment in these tasks (Van den Eynde et al 2011). Subsequent to the 
systematic review by Lopez and colleagues (2008d), further studies have confirmed the 
presence of weak central coherence in women with eating disorders (Roberts et al 2011; 
Harrison, Tchanturia and Treasure, 2011; Tenconi et al 2010; Lopez et al 2008a; Lopez et al 
2008c). A synthesis of these studies indicates that people with eating disorders differ from 
healthy controls with medium effect sizes on the GEFT(modified version by Happe´ & Booth, 
2008) (weighted effect size: d= -0.43) and the ROCF task (Booth 2006 scoring method) 
(weighted effect size: d = -0.60) (see table 1.5). 
 
 A synthesis of studies that have used the scoring method developed by Booth (2006) for the 
ROCF task, indicates that BN (weighted effect size BN: d= -0.71) have marginally weaker 
coherence than AN (weighted effect size AN: d= -0.53).  People with AN (weighted effect size 
AN: d= -0.48) have superior detailed processing measured by the GEFT (modified version by 
Happe´ & Booth, 2008), relative to people with BN (weighted effect size BN: d= -0.35) (see table 
1.5) (Roberts et al 2011; Harrison et al 2011; Lopez et al 2008a; Lopez et al 2008b).  
 
Weak central coherence is associated with clinical symptoms such as drive for thinness, 
bulimia, body dissatisfaction (Sherman et al 2006) and obsessive symptoms (Lopez et al 
2008a). Furthermore it is especially dominant in a subgroup (approximately 20%) that has 
features reflective of autistic spectrum disorder and empathy disorders (Wentz et al 2005). 
 
A synthesis of studies in those recovered from the illness indicates that they differ from controls 
with medium effect sizes on the ROCF (weighted effect size: d= -0.42) and the GEFT task 
(weighted effect size: d= -0.62) (Tenconi et al 2010; Roberts 2009; Lopez et al 2008b; 
Pendleton Jones et al 1991)  (see table 1.5). Subclinical eating disorder cases (measured by 
the EAT-40, score>26; Eating Attitudes Test, Garner and Garfinkel, 1989) are also impaired on 
the ROCF copy and recall subtests (Alvarado-Sanches, Silva-Gutierrez and Salvador-Cruz 
2009). It may be proposed that the presence of this trait in those recovered from the illness and 
its association with subclinical symptoms suggests that weak central coherence is an innate risk 
factor. 
1.18. 5. Central coherence in eating disorders: recovered 
 
These traits are also present in first degree relatives (unaffected sisters) in comparison to 
controls with a medium effect size for the ROCF (weighted effect size: d= -0.51) and the GEFT 
(weighted effect size: d= -0.55) (Tenconi et al 2010; Roberts et al 2011) (See table 1.5).  




The biological and genetic basis of weak central coherence has yet to be investigated in eating 
disorders. 
1.18. 7. Central coherence in eating disorders: biological underpinnings 
 
Weak central coherence (measured by the ROCF, Osterrieth 1944), is present in 1st degree 
relatives of those with schizophrenia (Lee et al 2008), bipolar disorder (Kulkami et al 2010; 
Frantom et al 2008; Klimes Dougan et al 2006; Gourovitch et al 1999; Doyle et al 2008) ASD 
(Losh et al 2009; Bolte & Poutska 2006; Baron-Cohen et al 2006; De Jonge, Kemner and van 
Engeland 2006; Happe, Briskman and Frith 2001; Baron- Cohen & Hammer 1997) and ADHD 
(Seidman et al 2000). 
1.18. 8. Central coherence in normal and psychiatric disorders: familial traits 
 
Genetic factors account for 36% of the variance in performance in control individuals on the 
Embedded Figures Task (EFT) version that also involves memory abilities (Smalley et al 1989). 
In ADHD, a heritability estimate of 0.27 for the ROCF was found [using the Bernstein and 
Waber, (1996) scoring system] (Doyle et al 2008).  




Table 1.5: Central Coherence in Those with Current and Recovered Eating Disorders and Their 1st Degree Relatives 
 Comparison groups  Test Findings Effect size comparison 
Current Eating Disorders 
Sherman et al 
(2006) 
AN (n=18) Controls (n=19) Rey Central Coherence 
Index (Savage scoring 
system 1999) 
AN< Controls (d=-0.87) 
Lopez et al 
(2008a) 
AN (n=42) Controls (n=42) Rey Central Coherence 
Index 
AN< Controls  (d=-0.93)* 
Roberts, 
Tchanturia and 





AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) Rey Central Coherence 
Index 
ANR< Controls  (d=-0.45)* 
 
ANBP < Controls (d=-0.41) 
Tenconi et al 
(2010) 
AN (n=153) Controls 
(n=120) 
Rey Central Coherence 
index 






Controls(n=89) Rey Central Coherence 
Index 




 Weighted effect size AN, ROCF CCI: d= -0.55 
Weighted effect size AN, ROCF CCI (scoring method; Booth, 2006) : d= -0.53 
Lopez et al 
(2008c) 
BN (n=42) Controls (n=42) Rey Central Coherence 
Index 
BN< Controls  (d= -0.57)** 
Roberts, 
Tchanturia and 




AN rec (n=30) 
Non-AN sisters (n=30) 
























Controls(n=89) Rey Central Coherence 
Index 
BN < Controls (d=-0.88) 
 Weighted effect size BN, ROCF CCI (scoring method; Booth, 2006): d= -0.71  
Goddard (2012) ED Male (n=29) 





Rey Central Coherence 
Index 
ED < HC  
 Weighted effect size EDs (ED + AN + BN), ROCF CCI : d= -0.59 





AN (n=16) Controls (n=16) EFT AN< Controls  (d=-1.02)* 




Controls (n=25) EFT AN> Controls  (d=0.84)* 
Pendleton-Jones 
et al (1991) 




 Weighted effect size AN, EFT: d= 0.39 




Controls (n=25) EFT BN > Controls  (d=1.05)* 
Pendleton-Jones 
et al (1991) 
AN (n=30) BN (n=38) Controls (n=39) EFT BN > Controls (d=0.47)* 
 Weighted effect size BN, EFT: d= 0.70 




AN (n=24) Controls (n=24) GEFT AN < Controls  (d=- 0.75)* 
Lopez et al 
(2008a) 










AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 

















 Weighted effect size AN, GEFT: d=-0.48    
Lopez et al 
(2008c) 
BN (n=42 ) Controls (n=42 ) GEFT BN < Controls  (d=-0.69)* 
Roberts, 
Tchanturia and 





AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 








GEFT BN <Controls  (d=-0.42)* 
 Weighted effect size BN, GEFT: d=-0.35 
Goddard (2012) ED Male (n=29) 





GEFT ED = Control * 
Males < Females * 
Males ED > Controls * 













                                                  Recovered  
Roberts, 
Tchanturia and 




AN rec (n=30) 
Non-AN sisters (n=30) 







ROCF CCI Recovered AN = Controls 
 
(d=-0.06) 
Tenconi (2010) Recovered AN (n=29) 




ROCF CCI Recovered AN< Controls (d=-0.36) 






Recovered AN (n=35) Controls (n=89) ROCF CCI Recovered AN < Controls (d=-0.67) 
 Weighted effect size recovered AN,  ROCF CCI : d=-0.40 
Lopez et al 
(2008b) 
Recovered ED (n=42) Controls (n=42) ROCF CCI Recovered ED  < Controls  (d=-0.57)* 
 Weighted effect size recovered EDs (AN + BN), ROCF CCI : d= -0.42 
 
Pendleton et al. 
(1991) 
Weight recovered AN 
(n=20) 











AN rec (n=30) 
Non AN sisters (n=30) 
Non BN sisters (n=20) 




Recovered AN (n=35) Controls (n=89) GEFT Recovered AN < Controls (d=-0.41) 
 Weighted effect size recovered AN, GEFT : d= -0.48 
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Lopez et al 
(2008b) 
Recovered ED (n=42) Controls (n=42) GEFT Recovered ED  < Controls  (d=-1.01)* 
 Weighted effect size recovered ED, GEFT : d= -0.62 
1st Degree Relatives 
Roberts, 
Tchanturia and 





AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) ROCF CCI Non-AN sisters  < Controls (d=-0.92)* 
 
 






ROCF CCI Non-AN sisters = Controls (d=-0.14) 
 Weighted effect size AN 1st degree relatives, ROCF CCI : d= -0.49 
Roberts, 
Tchanturia and 





AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) ROCF CCI Non-BN sisters  < Controls  (d=-0.58)* 










AN rec (n=30) 
Non-AN sisters (n=30) 
Non-BN sisters (n=20) 
Controls (n=88) GEFT 
 
Non-AN sisters <Controls (d=-0.92)* 
Non-BN sisters  = Controls (d=-0.15) 
 Weighted effect size ED (AN + BN) 1st degree relatives, GEFT   : d=-0.55 
ROCF CCI (Rey complex figure task, central coherence index) (ROCF, Osterrieth 1944)  
All studies measuring the ROCF CCI have used the Booth scoring system (2006) which is designed specifically to measure central coherence except 
Sherman et al 2006 which has used the Savage scoring system (1999) which is designed to assess organisational strategy 
GEFT (Group embedded figures test) (Witkin, Oltman, Raskin, and Karp, 2002) (modified version by Happe´ & Booth, 2008), 
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EFT (Embedded Figures Test) (Witkin, Dyk, Faterson, Goodenough and Karp, 1962) 





1.19. Emotional processing 
Emotional intelligence is a broad concept that refers to the ability to perceive, express, 
assimilate and regulate emotions (Mayer, Salovey and Caruso, 1999). Most research 
(Oldershaw et al 2011) into emotional processing in eating disorders has focused on the 
constructs of emotion regulation and recognition.  
1.19.1. Definition of emotional processing constructs 
 
Emotion regulation is a mechanism by which we control the experience of emotion by 
prioritising thinking and monitoring emotions (Mayer, Salovey and Caruso, 1999). There are two 
main emotion regulation strategies, which use 1) conscious, controlled, or 2) unconscious, 
automatic processes: ‘cognitive reappraisal’ and ‘emotion suppression’. Cognitive reappraisal, 
re-frames and accepts the emotion and is associated with positive self-esteem, better emotional 
experiences, adaptive social interactions (Gross, 2002; Saarni, 1990) and effective emotional 
coping strategies in response to stress (Tugade and Frederickson, 2002). On the other hand 
‘emotion suppression’ results in increased sympathetic activation, negative emotion and worse 
interpersonal functioning (Gross 1998; Gross and John 2003; Gross 2002; Campbell-Sills, 
Barlow, Brown and Hofmann 2006). Other distinct strategies include internalising and 
externalising. Internalising includes avoidance, rumination and suppression of emotion (Aldao, 
Nolen-Hoeksema and Schweizer, 2010).  
 
The second construct of particular relevance is emotion recognition. This refers to the ability to 
label complex emotions (Mayer, Salovey and Caruso, 1999). It involves both the perception of 
the geometric configuration of facial features in addition to the interpretation of its direct and 
indirect emotional meaning (Adolphs, 2002). 
 
Two interacting neural systems, the ventral and dorsal system are thought to be involved in 
emotional regulation. The emotional significance of a stimulus is integrated predominantly from 
the ventral system (amygdala, insula, thalamus and ventral striatum), whereas the dorsal 
system (dorsal, medial and prefrontal cortex) is involved in regulating these affective states 
(Phillips et al 2003; Quirk and Beer 2006; Urry et al 2006; Harriri et al 2000, Pessoa et al 2002). 
1.19.2. Neural correlates of emotion constructs 
 
Emotion recognition relies on multiple strategies utilising an array of different brain structures 
that work together; amygdala, orbitofrontal cortex, anterior cingulate cortex, and ventral striatum 
(Adolphs, 2002). The amygdala is especially important in the recognition of facial expression 






The clinical features of people with eating disorders suggest that there may be deficits in 
emotional intelligence underpinning the interpersonal difficulties, poor social and emotional 
cognition and high levels of anxiety (Schmidt and Treasure 2006). Interpersonal difficulties are 
common, especially in AN (Goldner et al 1999; Oldershaw et al 2010; Tiller et al 1995; Ward et 
al 2000; Sunday et al 1996) and are similar to that found in ASD (Zucker et al 2007). Anxiety 
disorders and social phobia predate the onset in 59 - 88% of cases (Godart et al 2000; Kaye et 
al 2004). Interpersonal difficulties, especially non assertive styles are predictive of the severity 
of binge eating (Hartmann et al 2009). 
1.19.3. Emotional processing constructs in relation to eating disorders symptoms 
 
People with eating disorders may have alexithymia and use ineffective strategies to regulate 
emotion, such as avoidance and suppression (Aldao, Nolen-Hoeksema and Schweizer, 2010). 
Internalising strategies are used particularly in AN and externalising used more by those with 
bulimic symptomatology.  
 
Experimental measures of emotional regulation have been assessed through responses in the 
form of attentional biases to emotional stimuli using the stroop (Ashwin et al 2006) or dot probe 
(Dandeneau et al 2007) paradigms. Complex emotion recognition has been assessed mainly 
using the reading the mind in the eyes paradigm (RME) (Baron-Cohen et al 1997).  
1.19.4. Neuropsychological assessment of emotional constructs in eating disorders 
 
A systematic review of social and emotional functioning, found anomalies in several domains of 
these constructs (Oldershaw et al 2011). Sensitivity to threat has been found in all forms of 
eating disorders (Oldershaw et al 2011; Harrison et al 2009; Harrison et al 2010b; Harrison et al 
2010c). Specifically there are significant attentional biases to social (d=0.75) and angry threat 
stimuli (d=1.15) with medium to very large effect sizes (Harrison et al 2009; Harrison et al 
2010b; Harrison et al 2010c). People with eating disorders also have an attentional bias towards 
rejecting faces and attentional disengagement from accepting faces (Cardi et al 2011) (See 
Table 1.6). Interestingly this attention to threat may be a gender related risk factor as it was not 
present in males with eating disorders (Goddard, 2012). 
1.19.5. Emotional constructs in eating disorders: acute state 
 
A synthesis of studies using the RME paradigm (see table 1.6) indicates that people with eating 
disorders (AN and BN) differ from healthy controls with a medium effect size (weighted effect 
size: d = -0.51) (Russell et al 2009; Harrison et al 2009; Harrison et al 2010b; Harrison et al 
2010c; Oldershaw et al 2010). However a recent meta-analysis concluded that people with AN 




Attentional biases to social and angry threat stimuli persist with recovery in eating disorders 
although in an attenuated form (Harrison et al 2010c; Cardi et al 2012) (See table 1.6). 
Difficulties in emotion recognition measured by the RME remains in an attenuated form in AN 
(weighted effect size: d=-0.17) (See Table 1.6) (Harrison et al 2010c; Oldershaw et al 2010).  
1.19.6. Emotional constructs in eating disorders: recovered 
 
It can be concluded that emotional regulation difficulties and emotion recognition deficits are 
possible innate traits that are exacerbated as a secondary consequence of the illness state in 
AN, although findings remain inconclusive for BN.  
 
These emotional constructs are yet to be directly investigated in eating disorders as familial 
traits.  
1.19.7. Emotional constructs in eating disorders: familial traits 
 
Research examining event-related potentials in BN in response to emotional face processing 
has found reduced N2 and increased P3 amplitudes indicating deficits in early automatic 
classification of emotion that is compensated by increased attentional resources (Kuhnpast et al 
2009). In BN there is also a decreased neural response in the precuneus and the right 
amygdala to facial expressions of disgust and anger (Ashworth et al 2011). In response to 
intense happy and neutral faces, there is increased right ventral putamen activity in people with 
eating disorders comorbid for bipolar disorder (Hassel et al 2009). 
1.19.8. Emotional constructs in eating disorders: biological underpinnings 
 
Abnormalities in emotional processing have been found in 1st degree relatives of those with 
major depressive disorder and bipolar disorder, with different patterns of brain activation in the 
amygdala and medial prefrontal cortex in response to face and emotion stimuli (Monk et al 
2008; Young et al., 2002; Suguladze et al 2010).   
1.19.9. Emotional constructs in normal and psychiatric disorders: familial traits 
 
Also, problems in emotion recognition measured by the RME have been found in 1st degree 
relatives of those with schizophrenia (effect sizes range from d=-0.12 to -0.8) (de Achaval et al 
2009; Ibanez et al 2010), ASD (effect sizes range from d=-1.05 to -1.62)  (Losh and Piven 2007; 
Baron Cohen et al 1997) and alcohol dependence (Hill et al 2007). 
 
In normal individuals there is evidence that both emotional regulation and emotion recognition 
are genetically determined. Brain activation patterns (N240 and P300 waves) in response to 
social stimuli (Ekman and Friesens, 1976 pictures of facial emotion) have a heritability of 42-
62% in normal adolescent twins (Anokhin, Golosheykin and Heath 2010). It is possible that 
abnormalities in serotonin function underpin anomalies in the processing of happy, sad and fear 
1.19.10. Emotional constructs in normal and psychiatric disorders: biological underpinnings 
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stimuli since people carrying the short 5-HTTLPR allele have an attentional bias to negative 
faces (Beevers et al 2009; Fox, Ridgewell and Ashwin 2009). Moreover individuals with the 
short SLC6A4 allele, have greater amygdala activity in response to faces with a fearful 
expression (Hariri et al 2002), whereas reduced threat related activity in the right amygdala is 
associated with an increased density of serotonin 2A receptors in the medial prefrontal cortex 
(Fisher et al 2009).  
 
Dopamine has also been associated with emotional processing. In an explicit emotional face 
processing task, individuals with the GG allele of the DRD2 genotype allele had greater DLPFC 
(dorsolateral pre-frontal cortex) and amygdala activity compared to those with the GT allele 










Table 1.6: Attentional Biases, Emotional Dysregulation and Emotion Recognition in Current and Recovered Eating Disorders 
 Comparison groups  Test Findings Effect size comparison 
Current ED 
Harrison et al (2009) 
Harrison et al (2010b) 
Harrison et al (2010c) 
AN (n=50) 
BN (n=50) 
Controls (n=90) Estroop social attentional 
bias 
 
ED> Controls (d=0.75) * 
AN> Controls (d=0.61) * 
BN > Controls (d=0.82) * 
Estroop angry threat 
attentional bias 
ED> Controls (d=1.15) * 
AN > Controls (d=1.09) * 
BN > Controls (d=1.09) * 
Goddard (2011) ED Male (n=29) 





Estroop social attentional 
bias 
Males  >  Females *  
Estroop angry threat 
attentional bias 
ED > Controls  * 
Females > Males * 
 
 




Controls n= 50 Dot probe task: 
attentional bias to rejecting 
faces 
ED > Controls  
AN=BN 
(d=0.52)* 
Dot probe task: 
attentional disengagement 
from rejecting faces 
ED > Controls  
AN=BN 
(d=0.69)* 
Dot probe task: 
attentional bias to accepting 
faces 
ED > Controls  
AN=BN 
(d=0.57)* 
Dot probe task: 
attentional disengagement 
from accepting faces 




Russell et al (2009) AN (n=22) Controls (n=22) RME AN < Controls (d=-1.4) 
Oldershaw et al 
(2010) 






Harrison et al (2010b), 
Harrison et al (2010c), 




Controls (n=90) RME ED < Controls (d=-0.43)* 
AN < Controls (d=-0.49)* 
BN < Controls (d=-0.30)* 
Goddard (2011) ED Male (n=29) 





RME ED < Controls *  
 Weighted effect size ED, RME : d= -0.51 
Weighted effect size AN, RME : d= -0.60 
Effect size BN, RME : d= -0.30  
Recovered ED 
Harrison et al (2010c) Recovered AN 
(n=35) 





Estroop angry threat 
attentional bias 








Controls (n= 50) Dot probe task: 
attentional bias to rejecting 
faces 
Recovered ED > 
Controls 
(d=0.28) 
Dot probe task: 
attentional disengagement 
from rejecting faces 
Recovered ED > 
Controls 
(d=0.42) 
Dot probe task: 
attentional bias to accepting 
faces 
Recovered ED > 
Controls 
(d=0.36) 
Dot probe task: 
attentional disengagement 
from accepting faces 









Controls (n=47) RME Recovered AN = HC (d=0) 
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 Weighted effect size recovered AN, RME : d=-0.17 
1st degree relatives of ED 
      
RME (Reading the mind in the eyes) (Baron–Cohen et al 1997) 
Estroop social and angry threat attentional bias (Ashwin et al 2006) 












1.20. Reward sensitivity and motivated behaviours 
Reward sensitivity defines a responsiveness to reward cues and subsequent positive emotion 
which arises from engaging in reinforcing behaviours. The Behavioural Inhibition and 
Behavioural Activation Systems (BIS/BAS) is a theoretical paradigm that describes the 
physiological mechanisms which underpin reward sensitivity (Gray, 1970, described in section 
1.6.3.3). The balance between the approach (or behavioural activation) and avoidance systems 
(BIS) is modulated by effortful control processes (Claes et al 2010). This determines whether 
the person exhibits reflective or impulsive behaviours. Variations in psychological traits cause 
the motivation to approach reward, to differ between individuals. 
1.20. 1. Definition of reward sensitivity and motivated behaviours 
 
The frontostriatal brain network plays a key role in the balance between effortful, approach and 
avoidant behaviours. This balance is thought to be modulated by the serotonin and dopamine 
neurotransmitter systems (Congdon and Canli, 2008; Evenden, 1999; Robbins, 2005; Berridge 
2007). 
1.20.2. Neural correlates of reward sensitivity and motivated behaviours 
 
The premorbid traits and clinical features of eating disorders are suggestive of a variation in 
approach behaviours across the spectrum. The comorbidity with anxiety is a transdiagnostic 
feature whereas differences across the eating disorder spectrum are present in reward 
sensitivity (Harrison et al 2010a). Reduced appetite and feeding difficulties are premorbid 
features of anorexia nervosa (Jacobi et al 2004). This is in contrast to the premorbid enhanced 
appetite for food, social contact and other approach behaviours in bulimic disorders (BN and 
BED) (Mobbs et al 2008; Aldao, Nolen-Hoeksema and Schweizer, 2010; Fischer et al 2003). 
This abnormality in motivational states may account for the common comorbidity of ADHD with 
BN (13.3%) (Seitz et al 2011).  
1.20. 3. Reward sensitivity and motivated behaviours in relation to eating disorders symptoms 
  
Impulsive behaviours (eating, drinking, stealing etc) may result from an externalising 
maladaptive emotion regulation strategy (Fischer et al 2008). People with these traits have 
unfavourable outcomes (Fichter et al 2006).  
 
A systematic review of self-report measures to assess sensitivity to reward and punishment 
found that all eating disorders were more sensitive to punishment in comparison to controls 
(Harrison et al 2009). However, there are differences across the spectrum with restrictive types 
being the least sensitive to reward and associated with higher levels of behavioural inhibition 
and bulimic types being the most sensitive to reward and having higher levels of behavioural 




activation (Harrison et al 2009; Bijttebier et al 2009). This pattern of motivation remains after 
recovery (Harrison, Treasure and Smillie 2010d) and has been found using different 
assessment measures (Jappe et al 2011).  
 
A variety of experimental tasks have been used to measure these concepts however they all 
involve other aspects of performance such as attention and learning. The drive for monetary 
reward has been measured with various forms of gambling tasks such as the Game of Dice task 
(Brand et al 2007) and the Iowa Gambling task (Bechara et al 1993). In these tasks emotional 
feedback guides the participant’s choice, which then results in reward or loss (Starcke et al 
2011). Cognitive inhibitory control has been measured by Stroop and Go No Go tasks. 
 
People with eating disorders perform poorly on both the Iowa Gambling task and the Game of 
Dice relative to control comparison groups (Brogan, Hevey and Pignatti, 2010; Cavedini et al 
2006; Cavedini et al 2004; Tchanturia et al 2007; Boeka and Lokken 2005; Liao et al 2009; 
Davis et al 2010) (See table 1.7). For the Game of Dice task, different outcome variables are 
presented across studies, however a synthesis of those which present the Game of Dice net 
score indicates that people with BN have a lower net score (more risky decision making) in 
comparison to controls with an overall medium effect size (weighted effect size: d = -0.61) and 
this is also the case to a lesser degree for the binge purge subtype of anorexia with a small 
effect size (effect size: d = -0.39). In contrast, restricting AN types have a higher net score, 
indicating safer decision making in comparison to controls with a small effect size (effect size: 
d=0.24) (Brand et al 2007; Harrison et al 2011) 
1.20.5. Reward sensitivity and motivated behaviours in eating disorders: acute state 
 
Poor performance on the Iowa Gambling task has been associated with a worse outcome for 
anorexia nervosa (Cavedini et al 2006).  
 
Only one study has investigated decision making in people who have recovered from the 
illness. Tchanturia et al (2007) found that after recovery people with anorexia nervosa perform 
normally on the Iowa Gambling task (see table 1.7). This suggests that altered reward 
sensitivity is related to changes that occur in the acute state.  
1.20.6. Reward sensitivity and motivated behaviours in eating disorders: recovered 
 
The familial risk of altered reward sensitivity is yet to be investigated in 1st degree relatives of 
those with eating disorders. 




People with AN show less differential activation in the ventral striatum and higher dorsal 
activation in response to gains and losses in a simple reward task (Wagner et al 2007; Wagner 
et al 2010; Figee et al 2010). 
1.20.8. Reward sensitivity and motivated behaviours in eating disorders: biological 
underpinnings 
 
Intermediate performance on the Go/Nogo-Task (which measures response inhibition, a related 
trait of altered reward sensitivity) has been found in unaffected siblings of those with ADHD 
suggesting that motivational processes and sustained attention are familial traits (Uebel et al 
2010).  
1.20.9. Reward sensitivity and motivated behaviours in normal and psychiatric disorders: 
familial traits 
 
In control males, familial factors account for 46 - 55% of the variance in DSM- III-R defined 
symptoms of pathological gambling assessed by a diagnostic interview (Eisen et al 1998). This 
syndrome is the result of genetic factors as well as experiences shared by the twin pairs during 
childhood. 
 
People with the 10 allele of the DAT and the 7 repeat allele of the DRD4 in ADHD are more 
hyperactive (Carrasco et al 2006; Roman et al 2001; Congdon and Canli, 2008). A meta-
analysis has found an association between the 7-repeat allele of the DRD4 and increased risk 
of ADHD, (Congdon and Canli, 2008; Faraone, Doyle, Mick & Biederman 2001; Li, Sham, Owen 
and He, 2001).  
1.20.10. Reward sensitivity and motivated behaviours in normal and psychiatric disorders: 
biological underpinnings 
 
Brain activation studies have found that healthy individuals with higher behavioural activation 
(measured by the BAS; Carver and White, 1994) have increased amygdala activation in 
response to aggressive facial expressions (Beaver et al 2008). Those with higher levels of 
behavioural inhibition [measured by the behavioural inhibition and activation scales (BIS/BAS 
scales) (Carver and White, 1994) have increased activation in the dorsal anterior cingulate, a 
region known to be involved in fear conditioning (Beaver et al 2008; Phelps et al 2004; Garavan 






Table 1.7: Decision Making Under Conditions of Risk and Uncertainty in Current and Recovered Eating Disorders and Their 1st Degree Relatives 
 
 
Comparison groups Test Findings Effect Size 
comparison 
Current Eating Disorders 





Controls (n=39) Game of Dice net score ANR > Controls (d=0.24) 
BPAN < Controls (d=-0.39) 
BN < Controls (d=-0.47) 
Brand et al (2007) BN (n=15) Controls (n=15) Game of Dice net score BN < Controls  (d=-0.9)* 
Disadvantageous choices BN > Controls (d=1.29) 
Risky (2 numbers) BN > Controls  (d=1.1)* 
Safe (4 numbers) BN < Controls  (d=-0.89)* 
 Weighted effect size BN, Net score : d= -0.61 
Effect size ANBP, Net score : d= -0.39 
effect size ANR,  Net score : d= 0.24  







Game of Dice net score BED < Controls *  
Game of Dice risky choices BED> Controls  
Game of Dice safe choices BED < Controls  
  
Cavedini et al 
(2004) 
AN (n=59) Controls (n=82) Iowa Gambling task net cards from 
advantageous deck 
AN < Control **  
ANR < Control ** 
ANBP =Controls 
Boeka and Lokken 
(2005) 
BN (n=20) Controls (n=20) Iowa Gambling task net cards from 
advantageous deck 
BN < Controls *  
Iowa Gambling task net cards from 
advantageous deck in final 50 trials 
BN < Controls (d=0.67) 
Cavedini et al 
(2006) 
AN (n=38) Controls (n=30) Iowa Gambling task net cards from 
advantageous deck 
AN < Controls **  




Controls (n=29) Iowa Gambling task net cards from 
advantageous deck 





Liao et al (2009) BN (n=26) AN (n=29) Controls (n=51) Iowa Gambling task net cards from 
advantageous deck 
BN < Controls *  
AN < Controls **  




Iowa Gambling task net cards from 
advantageous deck 
BED < Normal weight *  
Obese < Normal weight *  
BED = Obese  
Brogan, Hevey and 
Pignatti (2010) 
AN ( n=22) BN (n=17) 
Obese (n=18) 
Controls (n=20) Iowa Gambling task net cards from 
advantageous deck 
AN < Controls**  
BN < Controls **  
Obese < Controls **  
AN=BN=Obese  
Recovered 
Tchanturia et al 
(2007) 
AN long term 
recovered (n=14) 
Controls (N=29) Iowa Gambling task net cards from 
advantageous deck 
AN recovered = Controls  
1st degree relatives of ED 
      
Game of Dice net score (safe choices minus risky choices) (Brand et al 2007) 
Iowa Gambling task (Bechara et al 1993). 





1.21. Chapter summary 
This review has presented findings which suggest that the risk of developing an eating disorder 
is increased by obsessive compulsive personality traits, impulsive behaviours and anomalies in 
set shifting, central coherence, emotional intelligence and motivation related behaviours. Many 
of these traits have been found to be associated with genes that alter functioning within the 
serotonin, dopamine and BDNF systems. These traits are also often associated with abnormal 
patterns of brain activation. Although most are transdiagnostic anomalies, some of these vary 
between the eating disorder sub-groups. Table 1.8 provides a summary of the aforementioned 
research by presenting effect sizes for potential risk traits, weighted by the sample size of each 
study. 
 
Specifically women with AN have problems with set shifting, central coherence and have high 
levels of inhibition, low approach behaviours, make safe choices in gambling tasks, poor 
emotional recognition and an attentional bias towards social threat (the latter trait is not present 
in men with AN). Women with BN and BED are similar albeit they have more approach 
behaviour with risky choices in gambling tasks and lower levels of inhibition. In some cases 
where BN has developed after a period of AN, certain behaviours related to approach and 
reward sensitivity may have been altered and acquired as a consequence of starvation. Many of 
these features are accentuated in the acute phase of the illness, probably due to the increased 
imbalance of the monoamine neurotransmitters caused by starvation or abnormal patterns of 
eating behaviour and depressive or anxious symptomatology.  
 
These traits have been found in various clusters in other forms of psychiatric illness such as 
schizophrenia, OCD, ASD and anxiety disorders. Therefore they are not exclusively indicative of 
an eating disorder. One possibility is that the specificity of these traits to eating disorders rests 
in the concomitant grouping of these traits. Kaye (2008) has proposed that eating disorders (AN 
and BN) can be characterised by a high level of premorbid anxiety that is intensified during 
adolescence as a consequence of the hormonal changes and stress that occurs during puberty. 
Restricting food can become powerfully reinforcing since it reduces the availability of plasma 
tryptophan, which is a rate-limiting step in the production of 5HT. The reduced functional activity 
of 5HT is thought to reduce anxiety, which reinforces the restriction of food (Kaye, 2008). Once 
the eating disorder is triggered, its’ symptoms of starvation and binging further disrupt the 
appetitive mechanisms and neurobiological changes occur which can increase depression and 
anxiety. This increasingly modifies the anomalies in set shifting, central coherence, emotional 
intelligence, motivation related behaviours and also prognosis thereby encouraging the illness 
to take a firm hold, making it difficult to recover. 
 
Continued investigations into the identification of endophenotypes for eating disorders are 
important for prospective ethiopathogenetic research. Investigations should look to adopting 
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longitudinal designs to examine whether these traits are premorbid and how these traits 
contribute to the long term outcome of eating disorders. Molecular genetic studies will also 
provide insight into which specific genes are risk factors and the genetic commonalities between 
eating disorders and other psychiatric conditions. Lastly, the application of twin methodology, 
which is the focus of this thesis will assist in determining the genetic and environmental 




Table 1.8: Summary Table of Effect Sizes in Current and Recovered Eating Disorders and 1st 
Degree Relatives 
 ED (AN 
+ BN) 
 
AN BN Rec AN Rec ED 1st degree 
relatives 








WCST 0.56 0.55 0.54 0.35 -- 0.49 0.62 0.18 












-0.40 -0.42 -0.51 -0.49 -0.58 






-0.43 -0.48 -0.35 -0.48 -0.62 -0.55 -0.92 -0.15 
EFT 0.53 0.39 0.70 0.80 -- -- -- -- 
Emotional processing 
RME -0.44 -0.47 -0.30 -0.17 -- -- -- -- 
Estroop 
Social 
0.75 0.61 0.82 0.28 -- -- -- -- 
Estroop 
Angry 




















This table presents Cohen d effect sizes for comparisons between clinical and control groups. Differences 
are defined as negligible (≥ 0.15 and <0.15), small (≥ 0.15 and <0.40), moderate (≥ 0.40 and <0.75), large 
(≥0.75 and <1.10), very large (≥1.10 and <1.45) and huge (≥1.45).   
Rec=recovered 
WCST [Wisconsin card sorting task, perseverative errors (Heaton et al., 1993)]  
Brixton task [errors (Burgess & Shallice, 1997)] 
ROCF [Rey Osterrieth complex figure task, central coherence index (Osterrieth 1944)] 
GEFT [Group embedded figures test, time taken (Witkin, Oltman, Raskin, and Karp, 2002)] 
EFT [Embedded Figures Test (Witkin, Dyk, Faterson, Goodenough and Karp, 1962)] 
RME [Reading the mind in the eyes, % accuracy (Baron-Cohen et al 1997)] 
Estroop social and angry threat attentional bias [pictorial emotional stroop task (Ashwin et al 2006)] 




2. Chapter 2: Genetic Influences on Drive for Thinness, Body 
Dissatisfaction and Bulimia in a Representative Sample of Twins 
This chapter is the first experimental study of this thesis and investigates the genetic and 
environmental contributions to behaviours and psychological traits related to eating disorders in 
a cohort of twins that are representative of the general population. The application of structural 
equation modelling techniques to this large cohort of twins allows the specific contribution of 
genes, shared environment and unique environmental factors to be determined. The findings 
from this chapter justify the succeeding experimental studies that investigate the genetic basis 
of neurocognitive and behavioural traits in twins with clinically defined eating disorders. 
2.1. Introduction to the chapter 
 
The eating disorder inventory (EDI; Garner, Olmstead and Polivy 1983) is a widely used and 
validated self-report questionnaire designed to detect the presence of an eating disorder 
(Garner, Olmsted, & Polivy, 1983).  
2.2. Background and development of the study 
 
The inventory was initially developed for and validated in a sample of females with anorexia and 
bulimia nervosa to be used as a diagnostic tool. It includes 64 items in total and 8 subscales: 1) 
drive for thinness, 2) bulimia, 3) body dissatisfaction, 4) ineffectiveness, 5) perfectionism, 6) 
interpersonal distrust, 7) interoceptive awareness and 8) maturity fears (Garner, Olmsted, & 
Polivy, 1983). The first three subscales are of particular interest to the present study. ‘Drive for 
thinness’, specifically assesses an excessive concern with dieting, a preoccupation with weight 
and fear of weight gain. The second is ‘bulimia’, which assesses episodes of eating in binges 
and impulses to purge. The third is ‘body dissatisfaction’, which detects a dissatisfaction with 
physical appearance. Since its’ original version there have been two revisions; the EDI-2 (1991) 
and EDI-3 (2004). The EDI-2 was designed to be administered to males or females, aged 12 
and upwards. It has 3 additional subscales comprised of 27 new items: 9) asceticism, 10) 
impulse regulation and 11) social security. The most recent version is the EDI-3 which has been 
re-designed to reflect more recent theories of eating disorders. It now comprises 3 items to 
specifically asses eating disorders and 9 general psychological scales that are related to but not 
specific to eating disorders. In total the EDI-3 has 6 components to assess: 1) eating disorder 
risk, 2) ineffectiveness, 3) interpersonal problems, 4) affective problems, 5) over control and 6) 
general and psychological maladjustment. It may be used in females only, aged 13 -53. 
Individuals with eating disorders score highly on the subscales - drive for thinness, bulimia and 
body dissatisfaction, suggesting that they may be endophenotypes (Garner, Olmsted, & Polivy, 
1983).  However the direction of causality in terms of genetic or environmental factors is 
unclear. The restriction of food often induces a low mood, which is known to increase feelings of 
body dissatisfaction (Taylor and Cooper, 1992). In addition bulimic behaviours may be 
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increased by the cycle of binging and purging which are instigated by long periods of starvation 
and the disruption of biological processes that coincide (Avena, Long and Hoebal, 2005). 
Therefore it is of value to examine the genetic and environmental contributions to these traits. 
The most feasible method of attaining sample sizes large enough to perform such statistical 
analysis has been to assess twin pairs that are representative of the general population.  
 
The heritability of the EDI subscales has been investigated in various twin cohorts, cultures, 
sexes and ages (Holland, Sicotte and Treasure 1988; Devlin et al, 2002; Keski-Rahkonen et al. 
2005; Raevuori et al, 2006; Rutherford, Mcguffin, Katz and Murray, 1993; Klump, McGue and 
Lacano, 2000; Baker et al, 2009). To date there have been two studies (Holland, Sicotte and 
Treasure, 1988; Devlin et al, 2002) assessing the genetic basis of these traits in a clinical 
sample of females with anorexia nervosa. The first study (Holland, Sicotte and Treasure, 1988) 
was conducted in 1988 in a UK sample of 25 monozygotic and 25 dizygotic twin pairs where at 
least one twin had a diagnosis of anorexia nervosa. In monozygotic twins there was a 
significantly smaller difference within pairs in comparison to dizygotic twins suggesting that the 
three EDI subscales are heritable (Holland, Sicotte and Treasure 1988). Also a linkage study of 
anorexia nervosa found drive for thinness to be a significantly useful covariate to delimit the 
population. This analysis found a cluster of affected sibling pairs with much higher and 
concordant values. In addition, the use of drive for thinness as an additional covariate provided 
substantial information for mapping genes and found one close to genome wide significance on 
chromosome 1 (Devlin et al, 2002).  
  
Large representative samples of twins have been investigated using structural equation 
modelling techniques to determine the specific contribution of genes and environment. In a UK 
representative sample of 147 monozygotic and 99 dizygotic female twin pairs aged 18 to 45, 
additive genetics accounted for 44% of the variance in drive for thinness and 52 % of the 
variance in body dissatisfaction (Rutherford, Mcguffin, Katz and Murray, 1993). However the 
absence of confidence intervals and a relatively small sample, limits the conclusions that can be 
drawn from this study. 
 
In a Finnish twin cohort of 4667 male and female twins aged 22 to 17, additive genetics 
accounted for 59.4% of the variance in body dissatisfaction (EDI-II) and 51% of the variance in 
drive for thinness in females.  This moderate to high heritability in females was not replicated in 
men, since these traits were purely accounted for by environmental factors [(drive for thinness: 
shared environment: 85.3 % and unique environment: 14.7%); body dissatisfaction: shared 
environment: 86.4% and unique environment: 13.6%)]. It was proposed that the EDI may not 
address the entire scope of body related attitudes in men (Keski-Rahkonen et al. 2005). These 
attitudes in men may be better accounted for by measures of muscle dissatisfaction (Raevuori 




In a Swedish twin cohort aged 15 to 17, 246 and 238 monozygotic and 181 and 169 dizygotic 
female–female and male–male twin pairs respectively, and 366 opposite-sex twin pairs, genetic 
contributions were more substantial for females in comparison to males. Heritability was 
estimated at 61% and 20% for drive for thinness, for females and males respectively, 57% and 
40% for body dissatisfaction for females and males respectively and 16% and 33% for bulimia, 
in females and males respectively (Baker, Maes et al 2009). 
 
In the Minnesota twin cohort, differences in heritability across ages were found using a modified 
version of the EDI-II for adolescent use. In 608, 11 year old and 602, 17 year old female twins, 
additive genetics accounted for 49% of the variance in body dissatisfaction in 11 year olds and 
60% in 17 year old adolescent females (Klump, McGue and Lacano, 2000). 
 
In an Australian twin cohort of 699 females twins aged 12 to 15 years old, genetic factors 










Table 2.1: Studies Investigating the Heritability of the Eating Disorder Inventory (Garner, Olmstead and Polivy, 1993) 
Study Sample EDI 
version 






and 25 dizygotic 
female twin pairs 
with anorexia 
nervosa 
EDI-I Females Significant difference in the 
mean scores between 
monozygotic and dizygotic 
cotwins group suggesting 
heritability 
Significant difference in the 
mean scores between 
monozygotic and dizygotic 








sample of 147 
monozygotic and 
99 dizygotic female 
twins aged 18 to 45 






Finnish twin cohort 
of 4667 males and 
females aged 22 to 
17 
EDI-II Females Additive genetics: 59.4% 
Unique environment:  40.7% 
Additive genetics: 51% 
Unique environment: 49% 
-- 
Males Additive genetics: 0% 
Shared environment: 85.3% 
Unique environment: 14.7% 
Additive genetics: 0% 
Shared environment: 86.4% 
Unique environment: 13.6% 
-- 
Baker, et al 
2009 
Swedish twin 
cohort aged 15 to 
17, 246 and 238 
monozygotic and 
181 and 169 
dizygotic female–
female and male–




EDI-II Females Additive genetics: 57% 
Unique environment: 7% 
Common environment: 36% 
Additive genetics: 61% 
Unique environment: 1% 
Common environment: 38 % 
Additive genetics: 16% 
Unique environment: 16% 
Common environment: 
69% 
Males Additive genetics: 40% 
Unique environment: 7% 








Additive genetics: 20% 
Unique environment: 11% 
Common environment: 69 % 
Additive genetics 33% 









cohort of 608, 11 
year old and 602, 




the EDI for 
adolescent 
use 
11 year old Additive genetics: 49% 
Unique environment: 3% 
Common environment: 48% 
-- -- 
17 year old Additive genetics: 60% 





cohort of 699 
females twins aged 
12 to 15 years old 
EDI-II 12 to 15 
years old 
Additive genetics: 35% 
Unique environment: 23 % 







Studies that have investigated the EDI subscales using twin methodology indicate that 
differences in heritability exist across ages, sexes and cultures, suggesting that these impact 
upon the contribution of genes to eating disorder traits. It has also been argued that differences 
across cultures may occur since the heritability of behavioural traits tends to be greater in 
permissive environments that allow for greater diversity in comparison to more restrictive 
environments (Kendler, 2001). Therefore it may prove interesting to investigate the heritability of 
these subscales in a much larger UK sample, 20 years on from Rutherford and colleagues 
study (1993).  
 
The aim of the current study was to explore the extent to which genetic and environmental 
factors contribute to the liability of psychological symptoms associated with eating disorders in a 
representative sample of UK twins. A secondary aim was to explore the influence of age on 
these psychological symptoms.  
2.3. Aims 
 
The main hypothesis was that variance in the three psychological symptoms; drive for thinness, 
body dissatisfaction and bulimia would be accounted for by substantial genetic influences. 
2.4. Hypotheses 
 
According to the previous literature, the following predictions were made: 
2.4.1. Specific predictions: 
- Variance in drive for thinness and body dissatisfaction would be accounted for by a larger 
proportion of genetic influences than bulimia. 
 
The data was collected from the St. Thomas UK Twin Registry. This registry was initially started 
in 1993 to investigate osteoporosis and osteoarthritis in women. The success of these studies 
encouraged its inclusion of males and expansion to incorporate the Aberdeen Twin Registry 
and the Institute of Psychiatry Adult Registry. It now comprises a total of 12,000 identical and 
non-identical twins aged between 16 and 85 from all parts of the United Kingdom.  The cohorts’ 
average age is approximately 45 years, predominately female and same sex due to its initial 
aim to investigate diseases that are more prevalent in women (Spector and Williams 2006). The 
cohort of twins is no different to the UK singleton population on disease related traits or 
environmental factors (Andrew et al 2001). 
2.5. Participants 
 
The twins receive questionnaires bi-yearly relating to disease and environmental information 
and the majority has been clinically assessed in detail for hundreds of phenotypes related to 
common diseases or intermediate traits. Participation is incentivised by the overall aim of 
contributing to health research and the opportunity to have a full health check during twin visits, 
which last between 5 to 6 hours (Spector and Williams 2006).   
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Research (Wade et al, 2006) suggests that approximately 30% of our sample will have at least 
one lifetime eating disorder behaviour (i.e. low weight, binge eating, self-induced vomiting, 
laxative or diuretic use or fasting) to the diagnostic threshold as specified by the Diagnostic and 
Statistical Manual (DSM) of Mental Disorders. Of this group, around 15% will develop lifetime 
eating disorders, of which around half will have clinically significant eating disorders (Wade et 




In cases where zygosity was not determined by a DNA test, the twin status questionnaire ‘peas 
in a pod’ (Peeters et al 1998) was administered to both twins of each pair. The questionnaire 
includes 7 questions and an algorithm of the responses determines zygosity. The first two 
questions are used to determine the gender of the twins. The measure includes questions such 
as ‘Were your parents able to tell you apart at school age?’. Twin pairs scoring between 7 and 
10 are classed as monozygotic twins and those scoring between 1 and 4 are classed as 
dizygotic twins. In cases where their scores lie between these (i.e. 5 or 6), question 7 is used as 
a key determining factor. The questionnaire is approximately 96 -98% accurate in determining 
zygosity (Peeters et al 1998) (see Appendix 1.1 for the questionnaire). 
2.6.1. Zygosity determination: peas in a pod questionnaire (Peeters et al 1998) 
 
The EDI-2 is a 96 item self-report inventory, which assesses eating disorder symptoms as well 
as psychological traits associated with the condition. It has 12 scales in total. In the present 
study 3 scales were administered to participants which included: 1) drive for thinness, 2) body 
dissatisfaction and 3) bulimia (see Appendix 1.2). The drive for thinness scale assesses an 
excessive concern with dieting and weight in addition to the extreme pursuit of losing weight. 
The body dissatisfaction scale assessed the belief that specific body parts associated with 
pubertal fatness are too large. The bulimia scale assesses the presence of uncontrollable eating 
defined as binge eating and the presence of self induced vomiting. The questions are 
counterbalanced. Participants are required to indicate how often they agree with the statement 
on a 6 point scale ranging from ‘always’ to ‘never’.  In a sample of patients with anorexia 
nervosa Cronbachs alpha ranged between 0.85 to 0.90 for the 3 scales, indicating good internal 
consistency (Garner et al, 1983).  
2.6.2. Eating disorder inventory version 2 (EDI-2) (Garner, 2004) 
 
The EDI was scored according to the instructions given in the EDI manual (Garner, 2004). If 
subjects responded to less than 75% of items, their data was considered missing. Therefore, 
sample sizes vary across the subscale analyses.  




Intraclass correlations for the EDI subscales were calculated for monozygotic and dizygotic 
twins. The investigation into the genetic effects of disordered eating traits across ages was 
restricted by the limited sample size of age groups, especially dizygotic twins aged 19 to 30. 
Therefore structural equation modelling could not be computed. However a Spearman’s 
correlation coefficient was used to explore the relationship between age and eating disorder 
traits. In addition scatter plots are presented. 
 
According to the classical twin design, sources of variation include additive genetic effects, 
shared environmental effects, and unique environmental effects (which also includes 
measurement error). The twin design is based on the principle that monozygotic twins are 
genetically identical (and share 100% of genes) whereas dizygotic twins share only 50% of their 
genes. However these assumptions may not always be accurate since biological factors can 
contribute to genetic differences within monozygotic twin pairs (Bruder et al, 2008). 
2.7.1 Univariate twin model-fitting analyses 
 
Structural equation modelling was conducted using the Mx statistical package (Neale, 1997). 
The three EDI subscales were significantly positively skewed. Transforming the data did not 
reduce the skew substantially. Therefore the continuous data was converted to ordinal data. 
Participants scoring above the 75th percentile were categorised as 1 and those scoring less 
were categorised as 0.  
 
The standard full ACE model fitting analysis determines the phenotypic variance of the three 
components; additive genetic (a2), shared environment (c2), and non-shared environment (e2). 
The statistical package fits the full (saturated) ACE model and submodels to the data and 
reports the Akaike Information Criterion (Akaike, 1974). Three submodels are also fitted; 1) AE 
model, which explains the phenotypic variance by additive genetics (a2) and non-shared 
environment (e2) and drops the shared environment (c2) parameter, 2) CE model, which 
explains the phenotypic variance by shared environment (c2) and non-shared environment (e2) 
and drops the additive genetic (a2) parameter, 3) E model, which explains the phenotypic 
variance by the non-shared environment (e2) parameter only, dropping the additive genetic (a2) 
and shared environment (c2) parameters. These submodels are compared with the 
aforementioned full ACE model. The best fitting model was chosen on the basis of the AIC 
value; chi square goodness of fit (i.e. change in chi square test indicates no worsening of fit 
whilst retaining the fewest parameters) and a lower yielded AIC value (indicating a better 
balance between parsimony and explanatory power). 
 
Twin methodology is based on three assumptions. The first is the ‘equal environments 
assumption’, which states that monozygotic and dizygotic twins are equally similar within pairs 
for their exposure to environmental factors that influence the phenotypes being investigated. 
2.7.2. Assumptions of the twin model 
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Previous studies of eating disorders suggest that this assumption is not violated (Bulik et al 
2000). The second is that the effects of genes are additive. Therefore genetic correlations are 
1.0 for monozygotic twins and 0.50 for dizygotic twins. The third assumption is that the traits are 




In total 3338 twin persons participated by responding to the questionnaire. 
 
 
Table 2.2: UK Twin Registry Participants 
Monozygotic twins (n=949 twin 
pairs) 
Dizygotic twins (n=720 twin pairs) 
Age 57.1 (13.6) (range: 19-87) 59.5 (10.9) (range: 20-87) 
BMI 24.01 (6.39) 25.09 (6.64) 
BMI: kg/m 
Descriptive statistics: mean and standard deviation in brackets 
 
Table 2.3 presents the means, standard deviations and intraclass correlations for the EDI 
subscales in monozygotic and dizygotic twin pairs. Overall, the correlations suggest that drive 
for thinness, body dissatisfaction and bulimia are influenced by genetic factors since 
monozygotic twins have a higher within pair correlation than dizygotic twins. Furthermore it is of 
interest to note that the within pair correlations for dizygotic twins are greater than 0, suggesting 
that some familial factors contribute to the risk of disordered eating.  
2.8.1. Descriptive statistics 
 
 
Table 2.3: Means, Standard Deviations and Intraclass Correlations for Eating Disorder Inventory 
Subscales 
 Monozygotic twins Dizygotic twins 




monozygotic n= 1138) 










1.69 (2.99) 0.40 (0.33-0.45) ** 1.64 (3.04) 0.16 (0.08-0.24) ** 
DT: Drive for thinness (Garner, 2004) 
BD: Body dissatisfaction (Garner,2004) 
BN: Bulimia (Garner,2004) 





As age increases, levels of drive for thinness (r=-0.13**, p=0.00), body dissatisfaction (r=-0.42, p=0.06) and bulimia (r=-0.21**, p=0.00) decrease with weak 
correlation coefficients. 








As can be seen from tables 2.5, 2.7 and 2.9, model fitting analysis indicates that the AE model 
was the best fit for all three subscales (the traits are influenced by additive genes and unique 
environmental factors). Heritability was estimated at 60% for drive for thinness, 67% for body 
dissatisfaction and 52% for bulimia. The traits are also influenced substantially by unique 
environmental factors which could suggest a large measurement error. Alternatively, this could 
also indicate a true influence of unique environmental influences. It is not possible to 
differentiate these. 




































2.8.4 Model fitting analysis for drive for thinness 
Table 2.4: Drive for Thinness 
Model 
 
-2LL Df AIC diffdf diffLL Sig 
ACE 
 
2441.69 2099 1756.31 - - - 
AE 
 
2441.69 2100 1758.31 1 0 0.1 
CE 
 
2458.32 2100 1741.68 1 16.64 0.0 
E 
 
2535.77 2101 1666.23 2 94.08 0.0 
ACE: Full saturated model with maximum number of parameters. 
AE/CE/E: Sub-models  
-2LL: -2 times log-likelihood of data 
df: Degree of freedom 
AIC: Akaike’s Index Criterion  
 
 
The results indicated that the AE model was the best fitting. This was chosen on the basis of it 
yielding the lowest AIC value whilst not being significantly different (p=0.1) from the ACE full 
saturated model. This indicates no worsening of fit whilst retaining the fewest parameters. 
2.8.4.1 Drive for thinness results summary 
 






0.60 0.0 0.40 
AE (best fitting model) 
 
0.60 0.0 0.40 
CE 
 
0.0 0.46 0.54 
ACE: Additive genetic (a2), non-shared environment (e2) and the shared environment (c2) 
parameter. 
AE: Additive genetic (a2) and non-shared environment (e2) dropping the shared environment 
(c2) parameter. 








































































2.8.5 Model fitting analysis for body dissatisfaction 
Table 2.6: Body Dissatisfaction 
Model 
 
-2LL Df AIC diffdf diffLL Sig 
ACE 
 





2048 -1864.39 1 0.76 0.38 
CE 
 
2238.92 2048 -1857.08 1 8.07 0.0 
E 
 
2345.34 2049 -1752.66 2 114.49 0.0 
ACE: Full saturated model with maximum number of parameters. 
AE/CE/E: Sub-models  
-2LL: -2 times log-likelihood of data 
df: Degree of freedom 
AIC: Akaike’s Index Criterion  
 
 
The results indicated that the AE model was the best fitting. This was chosen on the basis of it 
yielding the lowest AIC value whilst not being significantly different (p=0.38) from the ACE full 
saturated model. This indicates no worsening of fit whilst retaining the fewest parameters. 
2.8.5.1 Body dissatisfaction results summary 
 
 






0.51 0.14 0.35 
AE (best fitting model) 
 
0.67 0.0 0.33 
CE 
 
0.0 0.55 0.45 
ACE: Additive genetic (a2), non-shared environment (e2) and the shared environment (c2) 
parameter. 
AE: Additive genetic (a2) and non-shared environment (e2) dropping the shared environment 
(c2) parameter. 








































































2.8.6 Model fitting analysis for bulimia 
Table 2.8: Bulimia 
Model 
 
-2LL Df AIC diffdf diffLL Sig 
ACE 
 
2440.79 2117 -1793.21 - - - 
AE 
 
2440.8 2118 -1795.2 1 0.01 0.92 
CE 
 
2447.41 2118 -1788.59 1 6.63 0.01 
E 
 
2511.09 2119 -1726.91 2 70.31 0.0 
ACE: Full saturated model with maximum number of parameters. 
AE/CE/E: Sub-models  
-2LL: -2 times log-likelihood of data 
df: Degree of freedom 
AIC: Akaike’s Index Criterion  
 
 
The results indicated that the AE model was the best fitting. This was chosen on the basis of it 
yielding the lowest AIC value whilst not being significantly different (p=0.92) from the ACE full 
saturated model. This indicates no worsening of fit whilst retaining the fewest parameters. 
2.8.6.1. Bulimia results summary 
 
 






0.49 0.02 0.48 
AE (best fitting model) 
 
0.52 0.0 0.48 
CE 
 
0.0 0.42 0.58 
ACE: Additive genetic (a2), non-shared environment (e2) and the shared environment (c2) 
parameter. 
AE: Additive genetic (a2) and non-shared environment (e2) dropping the shared environment 
(c2) parameter. 






































































The present study set out to explore the genetic contributions to the risk of disordered eating in 
a representative sample of twins in the UK. Substantial genetic influences were found for drive 
for thinness, body dissatisfaction and bulimia. Furthermore, bulimia was the least influenced by 
genetics out of the three subscales. There was limited evidence to suggest that age 
substantially influences these traits. 
 
The influence of genetics to drive for thinness (60%) and body dissatisfaction (67%) were found 
to be somewhat higher than those found in the UK over 20 years ago (drive for thinness: 44% 
body dissatisfaction: 52%), in adolescents in Minnesota (47 % for drive for thinness; 49% for 
body dissatisfaction in 11 year olds and 60% in 17 year olds) and in Finland (51 % for drive for 
thinness; 59.4% for body dissatisfaction).The greater heritability of these behaviours in our 
sample may be accounted for by environments (social and cultural aspects) becoming less 
restrictive with time. For example one study found behaviours such as tobacco use to be more 
heritable in cohorts where there is less restriction and higher levels of tobacco use (Kendler, 
Karkowski and Pedersen, 2000).  In the Swedish twin cohort (Baker et al 2009) genetic 
contributions to drive for thinness (61%) were similar to that found in ours, although genetic 
influences for body dissatisfaction (57%) were lower. 
 
To our knowledge only one other study has estimated the genetic influences of psychological 
traits associated with bulimia. This study which investigated the Swedish twin cohort estimated 
16% heritability for this trait which is considerably lower than that found in the present study 
(52%) (Baker et al 2009). In our sample environmental influences accounted for 48% of the 
variance. Environmental factors may include the surge in availability of highly palatable foods in 
recent times, which may encourage overeating. It may also include the disruption of eating 
behaviour (fasting, purging) which may encourage changes in behaviour and brain biology that 
synergistically contribute to bulimic behaviours (Rada et al, 2005; Avena et al, 2005; Boggiano 
et al, 2007;  Boggiano et al, 2005; Avena & Hoebel, 2003; Corwin, 2006; Corwin & Hajnal, 
2005).  The very different estimates of heritability in our sample in comparison to the Swedish 
cohort, may also be in part due to the possible existence of different types of individual within 
both cohorts. Studies have identified two different strains of rat (i.e. ‘binge prone’ and ‘binge 
resistant’). ‘Binge prone’ rats consume more non-nutritive (junk) palatable foods under 
conditions of stress, whereas ‘binge resistant’ rats consume less (Boggiano et al 2007).  
 
In the present study all psychological symptoms associated with disordered eating were 
influenced by genetic factors. Along with previous findings of a genetic contribution to these 
traits in anorexia nervosa (Holland, Sicotte and Treasure, 1988), it may be seen as clear that 
there is a substantial genetic component to eating disorder traits in the general population and 
those with clinically defined eating disorders. This finding justifies the subsequent study (chapter 
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4) of this thesis, which focuses on the genetic basis of eating disorder symptoms in a clinical 














































3. Chapter 3: General Methodology for Studies 2 to 7 
This chapter outlines the general methodology used in the following studies within this thesis. 
Descriptions of the twin and familial study designs, recruitment, measures, statistical analysis 
and participants are provided. These are referred to in the following chapters. Specific 
descriptions of methodology and samples are presented separately in each respective chapter. 
3.1. Introduction 
 
The studies presented in chapters 4 to 9 adopt a cross-sectional case-control study design to 
compare clinical and control groups across a range of measures. This method was chosen for 
its increased feasibility and reduced costs in comparison with longitudinal studies. 
3.2. Studies design 
 
On the basis of previous research, a set of potential risk traits: 1) childhood obsessive 
compulsive personality traits, 2) impulsive behaviours, 3) neurocognitive traits, 4) emotional 
processing styles and 5) reward sensitivity, were chosen to be studied in terms of their 
endophenotype status. Criteria outlined by Gottesman and Gould (2003) instructed the 
hypotheses to be tested (chapter 1, section 1.10). To investigate these potential risk traits, 
familial and twin designs were adopted. Studies 2 to 7 adopt a familial design; people with 
eating disorders (active and recovered) and their unaffected twin siblings were compared with 
control twins. The familial design tested the following two endophenotype criteria: 1) the trait is 
associated with the population (i.e. people with eating disorders) 2) co-segregation with the 
illness in families and 3) the trait is present in unaffected relatives at a higher level than in the 
general population (Gottesman and Gould 2003). It is expected that unaffected siblings of those 
with eating disorders will be behaviourally similar, since they share 50% of genes as well as 
environmental influences such as parenting styles and culture.   
 
All of the studies within this thesis included twin designs to specifically test the endophenotype 
criteria of heritability. It was expected that performance would be more similar within 
monozygotic twin pairs in comparison to dizygotic twin pairs. Since monozygotic twins share on 
average 100% of genes, any differences within their performances on these tasks are assumed 
to be due to unique environmental factors. In comparison, differences within dizygotic twins who 
share on average only 50% of genes, are due to both unique environmental and genetic factors.  
It is noted that the specified proportion of shared genes within monozygotic and dizygotic twin 









Twin participants were recruited from a variety of sources outlined below. 
3.3.1. Ascertainment and recruitment 
 
Clinical twin participants were recruited via a newsletter advert from the Department of Twin 
Research & Genetic Epidemiology King’s College London (
3.3.2. Ascertainment and recruitment of clinical group 
www.twinsUK.ac.uk). Participants 
who had taken part in the study by Holland, Treasure and Murray (1988) were also sent a letter 
of invitation. In addition participants were recruited through an advert placed on our 
departmental website, www.eatingresearch.com and the eating disorders charity website 
www.b-eat.co.uk. 
 
Control twin participants were recruited with the help of the Department of Twin Research & 
Genetic Epidemiology King’s College London (
3.3.3. Ascertainment and recruitment of control group 
www.twinsUK.ac.uk) who sent out a newsletter 
advert to its twin registry. In addition participants were recruited through adverts placed on our 
departmental website, www.eatingresearch.com, the eating disorders charity website www.b-
eat.co.uk. In addition, adverts were placed in libraries, stores, cafes and shop windows. 
 
In the clinical group, zygosity was determined by a DNA test for 61.1 % of cases and 90.5% of 
cases in the control group. For the remaining cases, zygosity was determined by administering 
the twin status questionnaire ‘peas in a pod’ to both twins of each pair (described in detail in 
chapter 2, section 2.6.1) (Peeters et al 1998).  
3.3.4. Zygosity determination of clinical and control groups 
 
The primary outcome measures were derived from the eating disorder diagnostic interview, 
neuropsychological and behavioural tasks. Secondary measures included clinical and 
personality traits that have been associated with the primary measures in previous research. 
The measures employed within this thesis are provided below. 
3.4. Demographic and clinical measures 
 
A standard form was administered to all participants to obtain demographic details, any 
personal or family history of psychiatric disorders and general medical history details (see 
appendix 1.3). 
3.4.1. Demographic questionnaire 
 
Body Mass Index (kg/m2) was calculated for all participants on the basis of self-report data or 
objective measurements. The limitations of not obtaining objective height and weight data for all 
3.4.2. Body mass index  
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participant are acknowledged. Research by Meyer, Arcelus and Wright (2009) has indicated 
that people with eating disorders are relatively accurate in self-reporting their weight. However, 
women with bulimia nervosa underestimate their weight while women with anorexia nervosa 
overestimate their weight (Meyer, Arcelus and Wright 2009). 
 
Participants were requested to read a list of non-phonetic words aloud (see appendix 1.4). A 
higher number of words pronounced incorrectly are indicative of a lower pre-morbid IQ. This 
estimation of IQ estimation correlates with IQ measured by the British version of the Wechsler 
Adult Intelligence Scale (WAIS-R) (Wechsler, 1981) with coefficients ranging from r=0.77 
(Crawford et al., 1992) to r=0.81 (Crawford et al, 1989). 
3.4.3. Intelligence quotient (IQ): National adult reading test (NART) (Nelson and Wilson, 1991) 
 
 
3.5. Eating disorder symptoms: diagnosis and screening  
This 22-item self-report measure is used to identify AN, BN and BED in participants with and 
without EDs. In the present study it was used to screen for eating disorder pathology within the 
control sample. The scale has good temporal (k=0.80) and criterion reliability (k=0.83) with 
interview diagnosis (see appendix 1.5) (Stice, Telch, and Rizvi, 2000) 
3.5.1. The Eating disorder diagnostic scale (EDDS) (Stice, Telch, and Rizvi, 2000) 
 
The EDI-2 is a 96 item self report inventory which assesses eating disorder symptoms as well 
as psychological traits associated with the condition (see chapter 2, section 2.6.2. for a full 
description; appendix 1.2) (Garner, 1991).  
3.5.2. Eating disorder inventory version 2 (EDI-2) (Garner, 1991) 
 
The EATATE semi structured interview (see Appendix 1.6) was administered to participants with 
an eating disorder and their unaffected twin siblings. It was used to determine current and 
lifetime eating disorder pathology as well as pre-morbid obsessive compulsive personality traits 
and lifetime impulsive behaviours. Participants were interviewed by a trained researcher over 
the phone or face to face. Administration lasted between 45 minutes to 1 hour. 
3.5.3. EATATE lifetime diagnostic interview (Anderluh et al 2002) 
 
The EATATE was developed by the Healthy Eating Project and is based on well established 
diagnostic tools. The first of these being the Longitudinal Interval Follow-up Evaluation interview 
(LIFE: Keller, Lavori, Friedman, Nielsen, Endicott, McDonald-Scott and Andreasen, 1987) which 
has been used to assess the longitudinal course of psychiatric illnesses in general psychiatry 
and in eating disorders (Eddy, Dorer, Franko, Tahilani, Thompson-Brenner and Herzog, 2008, 
Herzog, Sacks, Keller, Lavori, von Ranson and Gray, 1993; Schmidt, Lee, Beecham, Perkins, 
Treasure, Yi, Winn, Robinson, Murphy, Keville, Johnson-Sabine, Jenkins, Frost,  Dodge, 
Berelowitz and Eisler, 2007). The EATATE is also informed by the Eating Disorder Examination 
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interview (EDE: Fairburn and Cooper, 1993), which is a validated measure of retrospectively 
reported and current eating disorders (Fairburn and Cooper, 1993; Ravaldi, Vannacci, Truglia, 
Zucchi, Mannucci, Rotella, Faravelli and Ricca, 2004). The EATATE instrument has been used 
previously in research that investigated those with AN (Anderluh et al. 2009) and demonstrates 
good inter-rater reliability in terms of diagnoses (kappa 0.82–1.0) and illness history variables 
(0.80–0.99). 
 
Part I of this semi-structured interview assesses the life course of the disorder. It records the 
body weight and height prior to and during the course of the illness. In addition to menstrual 
status and BMI it assesses the behavioural and psychopathological symptoms, when they were 
present, their duration and severity. Behavioural symptoms include; strict dieting, fasting, 
excessive exercising, binge eating, vomiting, the use of laxatives or diuretics and other 
compensatory behaviours. Psychopathological symptoms include inappropriate weight concern, 
fear of food or eating and food preoccupation. For diagnoses the presence of the symptoms are 
determined by a 3 month duration criteria. The course of each symptom is then plotted on a 
lifeline, which spans from birth until present. To assist the accuracy of retrospective reporting, 
participants are probed for anchor points throughout the life course. These include significant 
life events such as birthdays and courses of treatment etc. Both behavioural and 
psychopathological symptoms inform the diagnosis that is assigned. The overall lifetime 
diagnosis is determined by accounting for the diagnoses that has been satisfied across the life 
course. Each diagnosis is regarded as present if it satisfies a 3 month duration criterion. In the 
present study, recovery was defined as no reporting of behavioural or psychological symptoms 
associated with eating disorders for two or more years (Uher et al 2004).  
3.5.3.1. EATATE part I 
 
The diagnosis was largely based on DSM-IV (APA, 2000) criteria. Although some changes were 
applied using recommendations for the new DSM-V, which is due to be delivered in 2013. 
3.5.3.2. Criteria for specific diagnosis 
For all AN subtypes participants met DSM-IV criteria for:  
- A) Refusal to maintain body weight at approximately 85% of that required for height. 
- B) Intense fear of gaining weight even though underweight 
- C) Disturbance in the way the body, weight or shape is experienced, undue influence of 
weight on shape or self esteem or denial of the seriousness of their underweight status.  
These criteria were assessed using the ‘inappropriate weight concern’ section in the EATATE 
lifetime interview. The criterion of amenorrhea for AN diagnosis was not required to be present 
in line with the current diagnostic approaches (Thomas, Vartanian and Brownell, 2009) and 






The participant must not have engaged in binge eating or purging behaviours, such as self-
induced vomiting or the misuse of laxatives, diuretics, or enemas. 
3.5.3.2.1.1 Restricting anorexia nervosa type 
 
The person has regularly engaged in purging behaviour such as self-induced vomiting or 
the misuse of laxatives, diuretics, or enemas.  
3.5.3.2.1.2 Purging anorexia nervosa type 
 
The person has regularly engaged in binge eating or purging behaviour such as self-induced 
vomiting or the misuse of laxatives, diuretics, or enemas. Binge eating was determined by the 
bulimia nervosa criteria A1 and A2 (see below).  
3.5.3.2.1.3 Binge - purge anorexia nervosa type 
 
Attempting to induce vomiting without success was not counted. When determining lifetime 
diagnosis, anorexia nervosa purging type was grouped with anorexia nervosa binge purge 
types. 
 
Participants were required to meet the criteria for binge eating:  
3.5.3.2.1.4. Bulimia nervosa 
- A1) eating within a discrete period of time (e.g. 2 hours), an amount of food, definitely 
larger than most people would eat during a similar time/under the same circumstances. 
- A2) a loss of control over eating. 
These criteria were assessed in the binge eating section of the EATATE interview.  
Participants also met criteria for  
- B) recurrent inappropriate compensatory behaviours in order to prevent weight gain, 
such as self-induced vomiting, misuse of laxatives, diuretics, enemas or other 
medications, fasting or excessive exercise. 
- C) In line with proposals for the DSM-V, binge eating and inappropriate compensatory 
behaviours or purging behaviours were counted if they occurred on average at least 
once a week for 3 months. 
- D) self evaluation is unduly influenced by body shape and weight. 
- E) this disturbance does not occur exclusively during periods of anorexia nervosa.   
Criteria D and E were assessed using the ‘inappropriate weight concern’ section of the EATATE 
lifetime interview. The bulimia nervosa diagnosis included the subtypes bulimia nervosa purging 
type and bulimia nervosa non-purging type which are detailed below.  
 
The participant will have regularly engaged in self-induced vomiting or the misuse of laxatives, 
diuretics or enemas. 




The participant will not have regularly engaged in self-induced vomiting or the misuse of 
laxatives, diuretics or the use of enemas but may have used other inappropriate 
compensatory behaviours, such as fasting or excessive exercise. When determining lifetime 
diagnosis, all three bulimia nervosa subtypes were grouped together.  
3.5.3.2.1.6. Bulimia nervosa non-purging type 
 
DSM IV EDNOS criteria were used to classify participants who did not meet specific eating 
disorder criteria.  
3.5.3.2.1.7. EDNOS 
 
This diagnosis was applied to participants who met the criteria for anorexia nervosa (previously 
outlined) however despite significant weight loss, the individual’s current weight was in the 
normal range (BMI>18.5). 
3.5.3.2.1.8. EDNOS anorexia nervosa 
 
This diagnosis was applied to participants who met the full criteria for bulimia nervosa although 
binge eating and inappropriate compensatory occurred at a frequency of less than once a week 
or for a duration of less than 3 months. 
3.5.3.2.1.9. EDNOS bulimia nervosa 
 
The participant had engaged in recurrent purging behaviour to influence weight or shape, such 
as self-induced vomiting, misuse of laxatives, diuretics, or other medications, in the absence of 
binge eating. Self-evaluation is unduly influenced by body shape or weight or there is an intense 
fear of gaining weight or becoming fat. 
3.5.3.2.1.10. EDNOS – inappropriate compensatory behaviours 
 
The participant had engaged in recurrent episodes of binge eating (bulimia nervosa criteria A) 
in the absence of the regular use of inappropriate compensatory behaviours (Bulimia Nervosa 
criteria B and C). Furthermore sub-threshold binge eating disorder outlined by the DSM-V 
proposals, was also included whereby binge eating occurs on average, less than once a week. 
3.5.3.2.1.11. EDNOS binge eating disorder 
 
Participants were divided into 6 main lifetime diagnoses (as specified by Anderluh et al 2003) by 
accounting for the life course of their eating disorder (A full analysis and description of lifetime 
diagnosis provides the focus of chapter 4). The first group was ‘lifetime AN-R type’. The second 
group was lifetime AN-BP or AN-BP preceded by an episode of AN-R type ’ (participants had 
satisfied a diagnosis of anorexia nervosa restrictive type for at least 1 year or more prior to the 
development of AN-BP). Participants with EDNOS AN were grouped with ‘lifetime AN-R’ or 
‘lifetime AN-BP or with AN-BP preceded by an episode of AN-R’ depending on the presence of 
3.5.3.3. Specific eating disorder lifetime diagnosis   
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binge purge behaviours. The third group was ‘bulimia nervosa with a previous episode of AN’ 
(participants had satisfied a diagnosis of AN-R type for at least 1 year or more). The fourth 
group was ‘lifetime bulimia nervosa’. EDNOS-BN was grouped with ‘BN with a previous episode 
of AN’ or ‘lifetime BN’ depending on whether there was a previous episode of AN. EDNOS 
binge eating disorder and EDNOS inappropriate compensatory behaviours were categorised 
separately. 
 
Probands were divided into broad eating disorders categories. Those who had a lifetime 
diagnosis of either, ‘lifetime AN-R type’ or ‘AN-BP or AN-BP preceded by an episode of AN-R’, 
were placed into the broad ‘AN ’ lifetime group.  Those who had a lifetime diagnosis of ‘BN with 
a previous episode of AN’, ‘lifetime BN’ or EDNOS–BED were placed into the broad ‘bulimic 
disorders’ (BD) lifetime group. EDNOS inappropriate compensatory behaviours were excluded 
from the aforementioned broad eating disorder groups.   
3.5.3.4. Broad eating disorder lifetime diagnosis 
 
Age of onset was determined by the age at which the participant first met all criteria for the 
disorder. 
3.5.3.5. Age of onset 
 
Duration of the illness was taken from the age of onset until the age at which the individual no 
longer satisfied eating disorder criteria.  
3.5.3.6. Duration of illness 
 
Six main clinical variables were derived from the interview: 1) duration of illness (measured in 
years), 2) duration of excessive exercise (measured in months and recorded if it occurred four 
times or more per month), 3) duration of fasting (measured in months and recorded if fasting 
and laxative or diuretic use or vomiting occurred four times or more per month), 4) duration of 
laxative or diuretic use (measured in months and recorded if laxative or diuretic use and fasting 
or vomiting occurred once or more per month), 5) duration of vomiting (measured in months and 
recorded if vomiting and laxative or diuretic use or fasting occurred once or more per month) 6) 
duration of binge eating (measured in months and recorded if it occurred four times or more per 
month) and lastly 7) duration of amenorrhea (measured in months).   
3.5.3.7. Duration of specific symptoms 
 
Part II of the interview (see Appendix 1.7) was used to assess childhood traits reflecting an 
obsessive compulsive personality that occurred prior to the onset of the eating disorder or 
before the age of 18. The obsessive compulsive personality traits included perfectionism, 
inflexibility, rule bound traits, excessive doubt, cautiousness and the need for order and 
symmetry (see table 3.1). A scoring manual was used to rate all responses according to specific 
3.5.4. EATATE interview part II 
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criteria. Each domain was scored as ‘2’ if the trait overtly impinged on the participant’s 
relationship with the world and with others, ‘1’ if the trait was present but did not overtly affect 
the participant’s life or relationships and 0’ if the trait was absent. In the analysis only traits that 
were scored as 2 were regarded as present. 
 
In addition, the second part of this interview assessed impulsive behaviours that occurred 
across the lifetime course. Participants were asked whether they had engaged in a total of 12 
behaviours such as binge eating, alcohol or substance abuse, self harm, gambling, stealing, 
disinhibited sexual activity, fire setting, overdosing or spending more money than they felt was 
sensible. They were probed for feelings of lack of control as an indicator of impulsivity and 
feelings of regret. Throughout this thesis the total number of impulsive behaviours was analysed 
with ‘binge eating’ excluded since this is an eating disorder symptom.   
 
Table 3.1: EATATE Part II: Childhood Obsessive Compulsive Personality Traits  
Assessed Traits 
(Traits were noted if they caused a 
problem in function) 
Areas of Childs Life 
Perfectionism 
(Perfectionism was assessed in seven 
areas of childhood life) 
General, school, self-care, looking after their 
room, pets, hobbies or other. 
Inflexibility Difficulties adjusting to changes such as 
moving house or, school, changes in family 
schedule or daily activities. Presence of 
activities to compensate for inflexibility such as 
written plans, making contingency plans. 
Rule bound Excessive persistence and high degree of 
compliance with rules set by parents or 
teachers. 
Excessive doubt and cautiousness 
(Both needed to be  present) 
Excessive doubt about actions or excessive 
cautiousness about making a mistake 
Drive for order and symmetry 
(Present in a minimum of two of the 
assessed areas) 
Looking after their room, housework or 
appearance (i.e. dress, hair style) 
 
Self-report measures were administered to all participants to assess the symptoms that 
commonly co-occur in eating disorders such as depression (Godart et al 2007) anxiety (Kaye et 
al 2004) obsessive-compulsive disorders (Crane et al 2007) and low self esteem and typically 
influence cognitive functioning [Castaneda, Tuulio-Henriksson, Marttunen, Suvisaari and 
Lönnqvist, (2008), Kuelz, Hohagen and Voderholzer, (2004)]. The self-report measures included 
the following:  
3.6. Co-morbidity measures 
 
The DASS is a 21-item questionnaire designed to assess levels of depression, anxiety and 
stress. The participant is required to rate each item using a 4-point likert scale ranging from ‘did 
not apply to me at all’ to ‘applied to me very much, or most of the time. The scale results in a 
3.6.1. Depression, anxiety and stress scale (DASS) 
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total score, which is the sum of all the items. The scale can be subdivided into three subscales 
that separately measure levels of depression, anxiety and stress. Items include ‘I felt that life 
was meaningless’ and ‘I found myself getting agitated’. As a method of screening the control 
sample, participants were excluded if they scored over the moderate range 20> for depression, 
14 >anxiety or 25> stress. The measure has good internal consistency with Cronbachs alpha 
being 0.96 for depression, 0.89 for anxiety and 0.93 for stress (see appendix 1.8). In this 
sample Cronbachs alpha was 0.86 for the total score (Lovibond and Lovibond, 1995). 
 
The OCI-R is a revised and shortened version of the OCI (Foa, Huppert, Leiberg, Langner, 
Kichic, Hajcak, & Salkovskis, 2002). It assesses obsessive compulsive behaviours. The 
inventory includes 18 items which participants are asked to rate using a 5-point likert scale 
ranging from ‘Not at all’ to ‘Extremely’. Items include ‘I feel I have to repeat certain numbers’ 
and ‘I wash my hands more often and longer than necessary’. The scale results in a total score, 
which is the sum of all the items. The scale can be divided into six subscales, which assess: 
washing, checking, ordering, obsessing, hoarding and neutralising. As a method of screening 
the control sample, participants were excluded if they scored over the clinical cut off 22. The 
inventory has good internal consistency with the Cronbachs alpha being 0.90 for the total score 
(see appendix 1.9). In this sample Cronbachs alpha was 0.79 (Foa et al. 2002). 
3.6.2. Obsessive-compulsive inventory-revised (OCI-R) 
 
The RSE is a 10-item measure of self-esteem. Participants are asked to rate each item using a 
4 point likert scale ranging from ‘strongly agree’ to ‘strongly disagree’. All 10 items are 
differentially related to self-esteem and include examples such as ‘I feel that I have a number of 
good qualities’ and ‘all in all, I am inclined to feel that I am a failure’.  The items are 
counterbalanced with items 2, 5, 6, 8 & 9 being reverse scored. The score is the sum of all the 
items with a higher scoring indicating a higher self-esteem. This measure has a high internal 
reliability ranging from 0.77-0.88 (see appendix 1.10). In this sample the Cronbachs alpha was 
0.78 (Rosenberg, 1965). 
3.6.3. Rosenberg self-esteem scale (RSE) 
 
It was of interest to explore the relationships between personality traits and the primary 
measures of neurocognitive and behavioural performance. To do this the following measures 
were used. These are described in detail in their respective chapters: 
3.7. Personality measures 
 
- Difficulties in emotion regulation scale (DERS) (Gratz and Roemer, 2004) (a full 
description is provided in chapter 8, section 8.5.5.1). 
- Behavioural inhibition system and behavioural activation system scales (BIS/BAS 




- Appetitive motivation scale (AMS Jackson and Smillie, 2004) (a full description provided 
in chapter 8, section 8.5.5.3). 
 
The battery included a total of 7 tasks. These measured, set shifting, central coherence, 
emotional processing and reward sensitivity:  
3.8. Tasks assessing the primary measures of neurocognitive and behavioural 
performance 
 
- Two measures of set shifting: (1) Wisconsin Card Sort Task (WCST) (Original manual 
version by Grant and Berg, 1984, Computerised version (Heaton, Chelune, Talley, Kay, 
and Curtiss, 1993) and (2) Brixton Task (Burgess and Shallice1997) (full descriptions 
provided in chapter 7, section 7.5.6) 
- Two measures of central coherence: (1) Group Embedded Figures Task (GEFT; Witkin, 
Oltman, Raskin, & Karp, 2002) and (2) Rey-Osterrieth Complex Figure task (ROCF; 
Osterrieth 1944) (a full description provided in chapter 7, section 7.5.7)  
- Two measures of emotional processing: (1) Reading the Mind in the Eyes Task (Baron-
Cohen, Wheelwright, Hill, Raste and Plumb, 2001) and (2) Pictorial Emotional Stroop 
Task (Ashwin, Wheelwright and Baron-Cohen, 2006) (full descriptions provided in 
chapter 8, section 8.5.6) 
- One measure of altered reward sensitivity: The Game of Dice Task (GDT) (Brand, 
Fujiwara, Borsutzky, Kalbe, Kessler and Markowitsch 2005a) (a full description provided 
in chapter 9, section 9.6.2) 
 
It was not impossible to blind the status of each participant since the researcher who collected 
the data also analysed it. However procedures were taken to minimise the researcher bias in 
the data collection and scoring of tasks. For example: 
3.9. Blinding 
 
- A researcher blind to the participants’ ascertainment scored a random selection of 30% 
of participants. The 2nd scoring of the Rey-Osterrieth Complex Figure Test (described in 
detail in chapter 7) and NART were assisted by visual (using a camera) and auditory 
(using a dictaphone) recordings to ensure reliability. There was a high inter-rater 
agreement between researchers (all higher than: 0.87). 
- The EATATE semi-structured interview (see full description in section 3.5.3) determined 
the eating disorder diagnosis as well as childhood personality traits and lifetime 
impulsive behaviours (see appendix 1.6 and 1.7). To enable an objective assessment 
this interview has explicit parameters to score responses and conduct the interview. 
Participants whose diagnosis required a 2nd opinion were scored by an expert 2nd rater 




Participants were divided into different groups dependent on zygosity and clinical status. In 
total, 114 twins participated. This included 72 twins in the clinical group and 42 control twins. 
Clinical and control samples were matched for age, sex and levels of intellectual ability.  
3.10. General description of participants  
 
Zygosity and eating disorder status: 
3.10.1. Clinical group 
 
The clinical group consisted of 26 monozygotic twin pairs and 10 dizygotic twin pairs where at 
least one twin had a history of an eating disorder, aged 17-62 years. Probands in the clinical 
group were composed of 53 twins with conditions that ranged across the eating disorder 
spectrum.  
 
In total, 26 probands were categorised as AN on the basis of having conditions involving 
‘restricted eating’: anorexia nervosa restrictive type, anorexia nervosa binge purge type, 
anorexia nervosa purge type, EDNOS-anorexia nervosa. Twenty six probands were categorised 
as BD on the basis of having conditions involving ‘loss of control over eating’: bulimia nervosa, 
EDNOS-bulimia nervosa, EDNOS-binge eating disorder. One twin pair whose proband had 
EDNOS inappropriate compensatory behaviours was included in the analysis which compared 
probands/non-eating disorder cotwins with controls but excluded from the analysis which 
compared probands/ non-eating disorder cotwins divided by specific diagnoses (i.e. anorexia 
nervosa and bulimic disorder groups) with controls.  
 
The non-eating disorder cotwins group comprised of 19 twins. This group was then divided on 
the basis of their probands eating disorder status. There were 12 unaffected twins whose 
proband was categorised as having a lifetime diagnosis of anorexia nervosa and 6 unaffected 
twins whose proband was categorised as having a lifetime diagnosis of a bulimic disorder. The 
non eating-disorder cotwin whose proband had a diagnosis of EDNOS inappropriate 
compensatory behaviours was included in the analysis which compared probands/non-eating 
disorder cotwins with controls but excluded from the analysis which compared probands/ non-
eating disorder cotwins divided by specific diagnoses (i.e. non-anorexia nervosa cotwins and 
non-bulimic disorder cotwins) with controls.  
 
The clinical groups are separated on the basis of their zygosity and clinical status (see 
table 3.2).  Although there were no significant differences in demographic details 
between groups, the probands were somewhat (but not significantly) younger.  
3.10.1.1. Clinical group: clinical features 
- In the probands, 55% (n= 29) began with an episode of restricted eating (anorexia 
nervosa) and 73.5% (n=39) developed a loss of control over eating (binge eating) 
during their lifetime. There were no significant differences in clinical features or normal 
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weight status between monozygotic and dizygotic probands. The number of probands 
that were currently underweight (BMI< 18.5) were only marginally greater in 
monozygotic probands (14.6 %) in comparison to the dizygotic probands (0%) group. 
However monozygotic probands consisted of a larger proportion of those currently ill 
(i.e. 56.1% recovered) in comparison to dizygotic probands (83.3% recovered). In total 
only 41.5% (n=22) had received inpatient or outpatient treatment. The probandwise 
concordance rate for lifetime eating disorder history was 76% in monozygotic twins and 
33% in dizygotic twins. 
- In the probands, 11.8% (n=6) were currently taking psychotropic medication, 
furthermore 25.5% (n=13) had been diagnosed with a psychiatric condition throughout 
their lifetime of which depression was the psychiatric condition for 53.8% (n=7). In the 
non-eating disorder cotwin group, 5.3 % (n=1) were currently taking psychotropic 
medication and had been diagnosed with a psychiatric condition (i.e. depression) 
throughout their lifetime. 
 
Demographics: 
- The clinical groups self-defined ethnicity was; 92 % White British, 3% Black British 
Caribbean and 6 % ‘Other White’). English was the first language for all but one set of 
twins. The twins reported cohabiting with each other for a mean duration of 20.81 years 
(range: 15-45 years). 
 
Zygosity: 
3.10.2. Control twin group 
- The control group consisted of 17 monozygotic twin pairs and 4 dizygotic twin pairs, 
aged 21-61.  
 
Demographics: 
- Self-defined ethnicity indicated that the majority (91 %) were White British. English was 
the first language for all but one set of twins from the clinical group. The twins reported 







Table 3.2: Demographic and Clinical Features for Twins with a Lifetime Eating Disorder Diagnosis and their Cotwins Separated by Zygosity (Monozygotic and 
















Age 31 (25) 54 (32) 35 (24.8) 52 (34.5) 45 (22.8) Wald Chi Square: 6.78, df: 
4, p= 0.2 
BMI current 20.6 (3.3) 21.9 (7) 21.15 (2.3) 23.65 (4.3) 22.40 (2.2) -- 
BMI lowest 16.8 (5.4) 20.1 (3.6) 17.75 (3.5) 19.05 (1.8) -- -- 
BMI highest 22 (4.8) 22.3 (6.1) 23.2 (3.7) 24.1 (6.3) -- -- 
Age of 
onset 





6 (12) -- 5.25 (8.5) -- -- -- 




110.5 (15.5) 113 (14.8) 
 










-- -- -- 
Recovered 58.1% -- 83.3% -- -- -- 







-- -- -- 
Monozygotic-ED: Monozygotic eating disorder probands 
Monozygotic-H: Monozygotic non-eating disorder cotwin 
Dizygotic-ED: Dizygotic eating disorder probands 
Dizygotic-H: Dizygotic non-eating disorder cotwin 
NART: National adult reading test: IQ estimation 
Medians and Interquartile range in brackets. 
Years of recovery: Median and range in brackets 





3.11. Participants inclusion and exclusion criteria: 
Twins pairs aged between 16 and 62 where at least one had a lifetime eating disorder history 
defined by DSM-IV criteria (APA, 2000) (anorexia nervosa, bulimia nervosa, EDNOS-anorexia 
nervosa or bulimia nervosa types or binge eating disorder) were included. In addition 
participants with a history of EDNOS-inappropriate compensatory behaviours were included.  
3.11.1. Clinical group inclusion/exclusion criteria 
 
Due to the difficulties of recruiting twin participants with current eating disorders, the present 
study sought to include all twin participants with a lifetime eating disorder history. The probands 
were in many different phases of the illness and therefore included those who were currently 
recovered (i.e. had a BMI greater than 18.5) as well as those who were currently ill (BMI<18.5). 
The exclusion criteria were the presence of epilepsy, neurological conditions, IQ (below 70) 
[measured by the National Adult Reading Test (NART, Nelson & Wilson, 1991). Depressive and 
anxious symptomatology was not used as exclusion criteria since this is commonly comorbid in 
eating disorders (Godart et al 2006) 
 
Control twins were screened for age (16-62), IQ (above 70) (measured by the NART) and a 
healthy BMI (between 19-25). They were excluded if there was a personal or family history of 
psychiatric illness, epilepsy, neurological conditions or head injury. Control twins were also 
excluded if they scored above the cut-off on one or more self-report measure that screened for 
the presence of disordered eating behaviour [Eating Disorder Diagnostic Scale (EDDS, Stice et 
al 2000)], the presence of obsessive compulsive behaviour [Obsessive Compulsive Inventory-
Revised, (OCI-R, Foa et al 2002)] and depression, anxiety or stress [Depression Anxiety and 
Stress Scale; (DASS; Lovibond and Lovibond 1995)].  
3.11.2. Control group inclusion/exclusion criteria 
 
Due to the limited number of twins available to recruit within a specified time frame, the present 
research did not exclude participants in the clinical group with comorbid psychopathology or 
those using psychotropic medication. It is acknowledged that these factors influence cognitive 
performance therefore details of these factors were previously reported in section 3.10.11. 
Conditions such as depression, anxiety and obsessive compulsive symptoms are frequently 
comorbid in eating disorders and are known to influence neurocognitive performance and 
cognitive functioning (Godart et al 2007; Kaye et al 2004; Crane et al 2007; Castaneda, Tuulio-
Henriksson, Marttunen, Suvisaari and Lönnqvist, 2008, Kuelz, Hohagen and Voderholzer, 
2004).  






This study was approved by the South London and Maudsley NHS Trust Research Ethics 
Committee (Study number 09/H0807/67). Participants were given information about the study 
prior to taking part. Informed consent was obtained on the day of testing. Confidentiality was 
retained at all stages and participants were allowed to withdraw from the study at any time. 
3.13. Ethical considerations 
 
Participants who volunteered for the project were sent out information regarding their 
appointment. The researcher booked an appointment time with participants. The appointments 
were held at the Eating Disorders Research unit at Guys hospital in a quiet and undisturbed 
assessment room. All participants were compensated £40 for their participation, along with 
travel costs. 
3.14. Session protocol  
 
The session began with the participant being given an information sheet to read and consent 
forms to sign. The experimenter was available to answer questions regarding the study prior to 
signing the consent forms.  Participants were assured that participation was voluntary and that 
they could leave the experiment at any point. Furthermore rest points were offered throughout 
the session.   
3.14.1. Session protocol for clinical groups 
 
Participants were then administered a battery of neuropsychological and behavioural tasks in 
the following order: WCST, Estroop, RME task, ROCF task, GEFT task, NART, Game of Dice 
task and the Brixton task. 
 
Following the assessment, participants were given the self-report measures to complete which 
lasted up to ½ an hour. After this participants with a current or past eating disorder in addition to 
their non-eating disorder cotwins were assessed using the EATATE lifetime diagnostic interview 
for current and lifetime eating disorders and the EATATE part 2 for childhood OCP traits and 
lifetime impulsive behaviours. The interviews lasted between ½ an hour to 1 ½ hours and were 
digitally recorded. Permission to record this was granted. Subsequently participants were 
debriefed. In total each appointment lasted between 3 to 4 hours.  
 
The session protocol for control participants was the same as that for clinical participants. 
However interviews were only conducted in cases where the self-report measures indicated that 
the participant had disordered eating behaviour. In total each appointment lasted between 2 ½   
to 4 hours.  






Following the advice of Dr. Daniel Stahl who is a statistician and Lecturer in the Department of 
Computing and Biostatistics at the Institute of Psychiatry, statistical procedures were applied. 
The plan for analysis was twofold; utilising both familial (see section 3.15.5.) and twin designs 
(see section 3.15.6). Unless otherwise specified the following procedures were conducted for 
each study in chapters 4 to 9. 
3.15. General data analysis 
 
The measures used in chapter 4 to 9 had not been previously utilised in a twin sample with 
eating disorders. Therefore due to the exploratory nature of this study a post hoc power analysis 
was conducted using GPower software. Estimations of the samples sizes needed to detect 
differences between probands/non-eating disorder cotwins and controls are presented for each 
measure in the relevant chapter. 
3.15.1. Statistical power analysis 
 
Sufficient statistical power to detect group differences was not always attained, due to the 
limited sample size which resulted from difficulties in recruiting twins with eating disorders. 
Therefore it was decided to report group differences which had attained a reasonable effect size 
but had not reached statistical significance. These group differences are reported to occur at 
‘trend level’.   
 
Outliers were visually inspected using scatter plots of the main outcome variables for each 
neurocognitive and behavioural task. Outliers were inspected separately for the clinical and 
control groups.  The analysis was conducted with and without outliers excluded. Outliers were 
identified if they scored 3 standard deviations away from their group mean.  
3.15.2. Inspection of outliers 
 
For each analysis that was planned, data was transformed for outcome measures that were not 
normally distributed (Gaussian distribution). Distribution of the data was assessed individually 
for each comparison group. The distribution of the data was determined using a judgment of 3 
methods. To begin box plots were visually inspected to assess whether the dispersion of the 
data was similar across groups. Then QQ plots were also inspected for nonlinear patterns that 
may indicate a non-normal distribution of the data. Kurtosis and skewness were also taken into 
account. Lastly, standard deviations were inspected. The outcome of assessing the distribution 
of the data is presented in the relevant methodology sections. In cases where transforming the 
data did not reduce the skew of the data, non-parametric methods were used. 







BMI, age and IQ are potential confounding variables that may influence neuropsychological 
performance. These variables were considered as candidate covariates. IQ did not differ 
significantly between groups. However, age did differ between groups at trend level, therefore 
this variable was used as a covariate in all the parametric analyses.  
3.15.4. Selection of covariates 
 
BMI also differed between groups. A low BMI is a clinical feature that is closely entangled with 
the symptoms of AN-R, making it difficult to determine how BMI influences neuropsychological 
function. One study has reported that neuropsychological function (measured by the Trail 
Making Task- A) is correlated with BMI in patients with AN (Mathias and Kent, 1998). 
Conversely some studies have found no association between BMI and performance on the 
Brixton task (Tchanturia et al 2011). Moreover others have found weight recovered patients with 
AN  to persist in having poor set shifting abilities (Tenconi et al 2010).  
 
Since the vast majority of neuropsychological studies (Tchanturia et al 2004; Tchanturia et al 
2007) investigating these features have not controlled for BMI it was chosen to concur with this 
methodology, allowing the present findings to be interpreted within the current evidence base.  
 
Other psychological variables such as depression or anxiety were not used as covariates since 
these were considered to be comorbid with eating disorder symptomatology. 
 
To assess familial risk, the clinical group was divided into ‘eating disorder probands’ (which 
included monozygotic and dizygotic probands) and ‘non-eating disorder cotwins’ (which 
included monozygotic and dizygotic, non-eating disorder cotwins). Non-eating disorder cotwins 
were separated on the basis of their probands diagnosis into the non-AN cotwins and non-BD 
cotwins groups. Generalised estimating equations (GEE), an analysis which takes into account 
the correlative nature of twin pairs was used to conduct the comparisons between probands, 
non-eating disorder cotwins and controls.  
3.15.5. Statistical analysis using a familial design 
 
Due to the limited sample size for probands with EDNOS inappropriate compensatory 
behaviours (n=1), this twin and their non-eating disorder cotwin was excluded from this analysis. 
Age was used as a covariate throughout. To reduce the risk of a type I statistical error and not 
limit the ability to detect significant findings, the level of p<0.05 was used to report significant 
results. A correction for multiple testing was not required, since the outcome variables were 
obtained from a single assessment of each participant.  
 
Cohen’s d effect sizes were calculated for each comparison with an effect size calculator, using 
descriptive statistics that were based on the age covariate. Differences are defined as negligible 
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(≥ 0.15 and <0.15), small (≥ 0.15 and <0.40), moderate (≥ 0.40 and <0.75), large (≥0.75 and 
<1.10), very large (≥1.10 and <1.45) and huge (≥1.45).  
 
A descriptive analysis, using means and standard deviations to generate effect sizes, compared 
performance between probands who were currently underweight with those with a BMI greater 
than 18.5 (i.e. not underweight). 
 
Spearman’s Rho correlation coefficients were used to assess associations between 
performance on the neurocognitive and behavioural tasks and clinical features in probands, 
non-ED cotwins and control twins. The duration of clinical symptoms were weighted by age. A 
bonferroni was used to correct for multiple testing. All analyses were carried out using PASW 
Statistics version 18.  
 
The resemblance between monozygotic and dizygotic twin 1 and twin 2 was visually examined 
using bar charts of the raw outcome variables. The lifetime eating disorder history, underweight 
and recovered status, are presented in diagrams in chapters 4 to 9. Lines for the control mean 
and 1 standard deviation away from the control mean were plotted on the graph. Within-pair 
correlations were calculated for monozygotic and dizygotic twins using intraclass correlation 
coefficients. These operate on the data structured as twin pairs and describe how strongly twin 
1 resembles twin 2. 






















4. Chapter 4: An Investigation into the Co-Aggregation of Eating Disorders 
Within Identical and Non-Identical Twin Pairs 
This chapter describes the second study of this thesis which is aimed at using an in-depth 
approach to explore how EDs and comorbid conditions such as OCP features and impulsive 
behaviours co-aggregate within identical and non-identical twin pairs. For this thesis, it is the 
first step towards investigating the heritability of EDs in a clinical sample. Support for the 
heritability of EDs within the present sample, merits further exploration of personality, 
neurocognitive and behavioural traits as heritable risk factors.  
4.1 Introduction to the chapter 
 
As mentioned in the introduction of this thesis (chapter 1) EDs are diagnosed on the basis of the 
overt symptoms. These diagnostic categories serve to communicate clinical information, choose 
the most effective intervention and predict prognosis (First et al 2004). However, in practice the 
assigned diagnosis has not always led to the predicted prognosis due to the frequent fluctuation 
between categories, over use of the EDNOS category and psychiatric comorbidity (Treasure, 
Claudino and Zucker, 2010; Eddy et al, 2008; Thomas et al, 2010; Button et al 2005; Walsh and 
Sysko 2009). Inevitably, this has clinical implications for patients who often want to know their 
prognosis before entering intensive treatment in inpatient units or undergoing outpatient 
interventions (Keel and Brown 2010). For these reasons an increased knowledge about the 
genetic and environmental factors that influence the probable course and outcomes of EDs is 
an important parameter that requires further insight.   
4.2 Background and development to the study 
 
Reviews of longitudinal studies have found similar outcomes in terms of recovery for both AN 
and BN (Steinhausen and Weber 2009; Steinhausen, 2002). Various factors such as psychiatric 
comorbidity, have prognostic relevance. The co-segregation of psychiatric conditions within 
families such as alcohol abuse or avoidant personality disorder have been found to predict a 
worse outcome in those with BN (Keel and Brown 2010; Clausen, 2008; Bøgh, Rokkedal, 
Valbak, 2005; Fichter and Quadflieg, 2004). Comorbidities such as OCP features have 
prognostic relevance for all EDs although especially AN (Anderluh et al 2003; Bardone-cone et 
al, 2007). For AN, poor prognosis is determined by a greater clinical severity. This may involve a 
longer duration of illness, a lower desired weight and a higher number of treatment episodes 
(Keel and Brown 2010; Eisler, Simic, Russel and Dare, 2007; Nisson and Haglofff, 2005; Wentz 
et al 2009; Fichter, Quadflieg and Hedlund, 2006; Richard, Bauer and Kordy, 2005). Prognostic 
factors for BED and other EDNOS, include interpersonal factors, sexual abuse and also 
psychiatric comorbidity (Keel and Brown, 2010; Hillbert et al 2007; Fichter, Quadflieg and 




Although psychiatric comorbidity and environmental factors are known to influence prognosis, 
less is known about whether the course of the eating disorder, in terms of fluctuation between 
diagnostic categories over time and probability of recovery is genetically determined. Overall it 
is well known that there exists a substantial genetic basis to eating disorders (anorexia nervosa: 
22-62%; bulimia nervosa: 62% and binge eating disorder: 45-56%) (Mazzeo et al 2009; Bulik et 
al 2006; Bulik et al 2010; Javaras et al 2008; Mitchell et al 2010). It has been suggested that the 
variability within the broad eating disorder categories (i.e. AN or BN) and the frequent change in 
symptoms over time may account for the wide range in heritability estimates (Mazzeo et al 
2009). This has led to the investigation of the genetic basis of specific symptoms. Perhaps the 
most recognised phenotype and one which is pertinent to AN, is a low BMI. This physical trait is 
substantially heritable (Maes et al 1997). However, the individual’s intention to lose weight 
which has been found to be strongly influenced by BMI, is only moderately heritable (38%) and 
shares relatively little genetic factors with BMI (0.38) (Keski-Rahkonen et al 2005). Similar to the 
‘intention to lose weight’ is dietary restraint and drive for thinness (measured by the EDI, Garner 
1991) which appear to be more heritable (44%- 61%) (Castro and Lilenfeld 2005; Rutherford et 
al 1999; Keskhi Rahkonen et al 2005; Baker et al 2009). Another diagnostic criterion which 
defines both AN and BN is an intense fear of gaining weight. Similar traits such as ‘weight 
concern at a low weight’ have been found to be mainly accounted for by environmental factors, 
with genetic contributions being limited (0.18-0.29) (Mazzeo et al 2009; Reichborn Kjennerud et 
al 2004; Wade, Martin Tiggemann, 1998).  
 
Investigations into ED behaviours have shown that those which are easier to objectively define 
such as bingeing or purging have the greatest genetic causes. Vomiting, which is perhaps the 
most frequently used purging method is substantially accounted for by genetic factors (53%-
72%) (Mazzeo et al 2009; Sullivan, Bulik and Kendler, 1998). In comparison to vomiting, the 
genetic risk of binge eating varies considerably across studies (28%- 61%) (Wade et al, 2008; 
Sullivan, Bulik and Kendler, 1998; Reichborn-Kjennuerud et al 2003; Wade et al 2000; Bulik, 
Sullivan and Kendler, 1998; Klump, et al, 2009; Mazzeo et al 2009). Variability in heritability 
estimates may be accounted for by differential non-shared environmental factors which can be 
important in influencing the development of BN, once binge eating has been initiated. These 
may include early childhood events that are not experienced by the unaffected cotwin, such as 
abuse or illness or those events that are experienced differently, such as parental expectations 
(Wade et al 2000).  
 
With this in mind, studies into the genetic and environmental factors that influence prognosis are 
warranted. Such investigations into the clustering of EDs and related psychiatric co-morbidities 
within families has great potential to foster our understanding of the aetiology of EDs, inform 
more precise formulation and effective treatment tailored specifically for EDs (Lilenfeld et al 




The aim of this study was to examine how morbidity co-aggregates within twin pairs with the aim 
of exploring their heritable nature. To do this a discussion of how these clinical symptoms 
cluster within MZ and DZ twin pairs will be presented along with diagrams depicting the course 
of the eating disorder for each twin pair. 
4.3 Aims 
 
Given that eating disorder diagnoses and specific symptoms associated with these conditions 
are heritable, it was expected that the life course of the eating disorder would also demonstrate 
a genetic basis. It was expected that MZ twins who share 100% of genes will show greater 
concordance in terms of, eating disorder type, onset, duration and recovery in comparison to DZ 
twins who share only 50% of genes. 




This study adopted a twin design to compare similarity within MZ and DZ twin pairs for the 
lifetime course of the eating disorder.  
4.5.1. Study design 
 
Participants were the clinical twin group, described in Chapter 3 (section. 3.10). From this 
sample one concordant MZ twin pair was excluded since they were unable to take part in the 
present study. They were however assessed using the SCID (structured clinical interview for 
psychiatric disorders, Spitzer, Williams, Gibbon and First, 1990) and other neurocognitive 
measures as part of a previous study of sister pairs conducted within our unit. Therefore the 
present sample included 25 MZ twin pairs and 10 DZ twin pairs where at least one had an 
eating disorder history as defined by the DSM-IV (APA, 2000). 
4.5.2 Participants 
 
The measures used in this study are described in detail in Chapter 3. 
4.5.3 Measures 
 
In summary, the EATATE part I semi-structured diagnostic interview was administered to the 
clinical group (probands and non-eating disorder cotwins) to determine lifetime eating disorder 
diagnosis (Anderluh et al., 2003; section 3.5.3.). Additionally, the EATATE part II interview 
(section 3.5.4) was administered to the clinical group to determine a history of childhood OCP 
traits and lifetime impulsive behaviours. The NART (Nelson and Wilson, 1991) was also 




The symptoms across the different lifetime ED groups are described by medians and inter-
quartile ranges (table 4.1). Overall differences in clinical symptoms between the groups are 
analysed with a Kruskall Wallis test. The participant diagnosed with EDNOS Inappropriate 
compensatory behaviours was excluded from this analysis due to the limited to sample size. 
4.5.5 Data analysis 
 
To examine how morbidity co-aggregates within twin pairs, diagrams were created to depict the 
life course of the eating disorder for each twin and their cotwin. Each lifeline begins from birth, 
depicting the age of onset until present day. The lifeline depicts each phase of the eating 
disorder in a consecutive sequence until their current status, whether that is recovered or 
currently ill.  Parallel to this is their cotwin’s lifeline which allows both to be compared. In 
addition childhood OCP traits and lifetime impulsive behaviours are depicted on each lifeline. 
Following this, a discussion of ED histories is presented within the context of the current 
evidence base. 
 
Demographic and clinical details of the MZ and DZ twins in the clinical group are presented in 




4.6.1 The life course of the eating disorders, childhood OCP traits and lifetime impulsive 
behaviours for MZ and DZ twin pairs    
Depicted by diagrams 4.1a, 4.1b and 4.1c are the MZ twin pairs. Twin pairs 1 to 14 (diagrams 
4.1a and 4.1b) were concordant for ED diagnosis. The probandwise concordance rate for EDs 
in MZ twins was 72%.  
 
DZ twins are depicted in diagram 4.2. Twin pairs 1 and 2 were concordant. The probandwise 
concordance rate for EDs was 33% in DZ twins. 
 
More specifically 48 % (14 twin pairs) of the MZ twin pairs were concordant for their broad 
lifetime ED diagnosis and only 10% (1 twin pair) of the DZ twin pairs were concordant for their 











Below is a legend whereby the colour shade coincides with the broad ED type or an overweight 
status. Alongside each diagram, specific legends are given to assist the reader. 
Legend: 
 
Grey – No eating disorder 
Green – Recovered 
Red/pink shades – AN types 
Purple/lilac shades – AN binge or/and purge types 
Blue shades- BN types 
Orange shades- EDNOS (BED or inappropriate compensatory behaviours) 





4.6.1.1. Monozygotic twin pairs lifetime diagnoses diagrams:  (Twin pairs 1-25) 
 Diagram 4.1a: MZ Twin Pairs Lifetime Diagnoses (Twin pairs 1-9)
1 - OCPD,   1-Impulsive
1-OCPD,   1-Impulsive
2-OCPD,   3-Impulsive
5 -OCPD,   3-Impulsive
0-OCPD,   4-Impulsive
2-OCPD,   2-Impulsive
3-OCPD, 5-Impulsive
3-OCPD,   2-Impulsive
0-OCPD,   5-Impuslive
1-OCPD,   6-Impulsive
2-OCPD,   4-Impulsive
1-OCPD,   1-Impulsive
3-OCPD,   1-Impulsive
2-OCPD,   6-Impulsive
4-OCPD,   5-Impulsive
2-OCPD,   4-Impulsive
1-OCPD,   2-Impulsive
3-OCPD,   4-Impulsive
0 10 20 30 40 50 60
ANBP or ANBP preceded by ANR -- Pair 9 Twin 2
ANR -- Pair 9 Twin 1
BN preceded by AN -- Pair 8 Twin 2
ANBP or ANBP preceded by AN -- Pair 8 Twin 1
BN preceded by AN -- Pair 7 Twin 2
ANBP or ANBP preceded by ANR -- Pair 7 Twin 1
ANBP or ANBP preceded by ANR -- Pair 6 Twin 2
ANR -- Pair 6 Twin 1
BN -- Pair 5 Twin 2
EDNOS -- Pair 5 Twin 1
BN -- Pair 4 Twin 2
BN -- Pair 4 Twin 1
EDNOS -- Pair 3 Twin 2
BN preceded by AN -- Pair 3 Twin 1
BN preceded by AN -- Pair 2Twin 2
BN preceded by AN -- Pair 2 Twin 1
BN preceded by AN -- Pair 1 Twin 2

































Diagram 4.1b MZ Twin Pairs Lifetime Diagnoses (Twin pairs 10-17) 
5 - OCPD,   3-Impulsive
3-OCPD,   3-Impulsive
3-OCPD,   0-Impulsive
2 -OCPD,   2-Impulsive
4-OCPD,   2-Impulsive
4-OCPD,   8-Impulsive
4-OCPD, 3-Impulsive
2-OCPD,   1-Impulsive
5-OCPD,   2-Impuslive
5-OCPD,   1-Impulsive
0-OCPD,   5-Impulsive
0-OCPD,   3-Impulsive
2-OCPD,   0-Impulsive
2-OCPD,   2-Impulsive
0-OCPD,   3-Impulsive
0-OCPD,   3-Impulsive
0 10 20 30 40 50 60 70
Pair 17 Twin 2
BN -- Pair 17 Twin 1
ANR -- Pair 16 Twin 2
Pair 16 Twin 1
Pair 15 Twin 2
ANR -- Pair 15 Twin 1
EDNOS -- Pair 14 Twin 2
EDNOS -- Pair 14 Twin 1
ANR -- Pair 13 Twin 2
BN -- Pair 13 Twin 1
BN -- Pair 12 Twin 2
BN -- Pair 12 Twin 1
ANBP or ANBP preceded by ANR -- Pair 11 Twin 2
ANR -- Pair 11 Twin 1
ANR -- Pair 10 Twin 2

































Diagram 4.1c MZ Twin Pairs Lifetime Diagnoses (Twin pairs 18-25) 
2- OCPD,   2-Impulsive
2-OCPD,   2-Impulsive
1-OCPD,   2-Impulsive
3 -OCPD,   2-Impulsive
4-OCPD,   3-Impulsive
2-OCPD,   4-Impulsive
2-OCPD, 3-Impulsive
0-OCPD,   0-Impulsive
4-OCPD,   1-Impuslive
4-OCPD,   1-Impulsive
4-OCPD,   3-Impulsive
4-OCPD,   1-Impulsive
2-OCPD,   2-Impulsive
2-OCPD,   1-Impulsive
2-OCPD,   2-Impulsive
3-OCPD,   2-Impulsive
0 10 20 30 40 50 60 70
Pair 25 Twin 1
BN -- Pair 25 Twin 2
Pair 24 Twin 2
ANR -- Pair 24 Twin 1
Pair 23 Twin 1
BN -- Pair 23 Twin 2
Pair 22 Twin 1
ANBP or ANBP preceded by ANR -- Pair 22 Twin 2
Pair 21 Twin 1
ANBP or ANBP preceded by ANR -- Pair 21 Twin 2
Pair 20 Twin 1
EDNOS -- Pair 20 Twin 2
Pair 19 Twin 1
ANBP or ANBP preceded by ANR -- Pair 19 Twin 2
Pair 18 Twin 1
































4.6.1.2. Dizygotic twin pairs lifetime diagnoses diagrams: (Twin pairs 1-10) 
Diagram 4.2 DZ Twin Pairs Lifetime Diagnoses (Twin pairs 1-10)
2 -OCPD,   4-Impulsive
5- OCPD,   0-Impulsive
3-OCPD,   2-Impulsive
5-OCPD,   1- Impulsive
2-OCPD,   1-Impulsive
3-OCPD,   5-Impulsive
2 OCPD,   3-Impulsive
4-OCPD,   5-Impulsive
0-OCPD,   1-Impulsive
0-OCPD,   2-Impulsive
2-OCPD,   1-Impulsive
4-OCPD,    1-Impulsive
0-OCPD,   1-Impulsive
2-OCPD,   2-Impulsive
0-OCPD,   3-Impulsive
2-OCPD,   2-Impulsive
2-OCPD,   6-Impulsive
2-OCPD,   4-Impulsive                      
1-OCPD,   1-Impulsive
3-OCPD,   3-Impulsive                     
0 10 20 30 40 50 60 70
Pair 10 Twin 2
ANR -- Pair 10 Twin 1
Pair 9 Twin 2
ANBP or ANBP preceded by ANR -- Pair 9 Twin 1
Pair 8 Twin 2
BN - Pair 8 Twin 1
Pair 7 Twin 2
BN preceded by AN -- Pair 7 Twin 1
Pair 6 Twin 2
ANR - Pair 6 Twin 1
Pair 5 Twin 2
EDNOS -- Pair 5 Twin 1
Pair 4 Twin 2
ANBP or ANBP preceded by ANR -- Pair 4 Twin 1
Pair 3 Twin 2
Bulimia Nervosa -- Pair 3 Twin 1
BN preceded by AN -- Pair 2 Twin 2
BN preceded by AN -- Pair 2 Twin 1
EDNOS -- Pair 1 Twin 2




























4.6.1.3. Probands lifetime diagnoses and symptoms 
Table 4.1: Probands Lifetime Diagnoses and Symptoms 













Age 29.5 (29) 43.5 (28) 35 (25) 50 (H(2) = 1.16 
p=0.66 
Current BMI 20.1 (6.38) 19.5 (2.5) 23.4 (5.7) 26.4 (H(2) = 8.8 
p=0.01 
BMI below 17.5 duration 
(years) 
2 (6.3) 6.8 (18.3) 0 (3) 0 (H(2) = 1.21 
p=0.00 
BMI overweight duration 
(years) 
















1 (12) 45 (141) 12 (57) 372 (H(2) = 8.82 
p=0.01 










6 (36) 0 (4.8) 0 (H(2) = 1.19 
p=0.55 
Number of OCP traits 2.5 (3.3) 2.5 (2.3) 2 (2) 4 (H(2) = 0.73 
p=0.70 
Number of impulsive 
behaviours 
1 (1.3) 2 (2) 4 (2.5) 3 (H(2) = 0.66 
p=0.00 
Data is not normally distributed; therefore medians and interquartile range in brackets are presented.  
AN-R: restrictive anorexia nervosa and EDNOS AN-R 
BD: Bulimia nervosa, EDNOS-BN and Binge eating disorder 
Test statistic: Kruskall Wallis compared AN-R, BD and AN-BP or AN-BP preceded by AN-R  
Proband with EDNOS-inappropriate compensatory behaviours were excluded from the analysis due to the 
limited sample size  
 

















This study set out to explore how eating disorders and psychiatric comorbidity co-aggregate 
within twin pairs across the life course. It adopted an in depth approach to examine the clinical 
symptoms their severity, duration, risk and maintaining factors such as childhood OCP features 
and lifetime impulsive behaviours.  
4.7. Discussion: co-aggregation of lifetime eating disorders 
 
Firstly, this study demonstrated a genetic component to eating disorders since the probandwise 
concordance rate was 72% in MZ twins and only 33% in DZ twins. This supports previous 
research which has demonstrated the heritability of the eating disorders; AN, BN and BED and 
specific symptoms related to these (Mazzeo et al 2009; Bulik et al 2006; Bulik et al 2010; 
Javaras et al 2008; Mitchell et al 2010). 
 
At present, less is known about the genetic determinants of the course that the eating disorder 
takes over time. This study demonstrated its heritability by adopting an in-depth approach that 
allowed for the visual comparison of the eating disorder life course within twins pairs and 
between MZ and DZ twins. Diagrams 4.1a, 4.1b, 4.1c and 4.2 provide visual depictions of the 
eating disorder life course. In concordant MZ twins pairs (twin pairs 1 to 14 in diagrams 4.1a 
and 4.1b) there is a striking similarity in age of onset, eating disorder types, movement between 
diagnostic categories and duration of the eating disorder. In comparison, DZ twins who are 
concordant (twin pairs 1 to 2 in diagram 4.2) demonstrate less similarity in eating disorder type 
and onset. These diagrams lend support to the heritability of eating disorder prognosis.  
 
Previously, the variability in heritability estimates of eating disorders has been attributed to the 
wide heterogeneity within each category and the subtleties in the way in which symptoms are 
defined (Mazzeo et al 2009). These factors were supported by the evidence drawn from the 
diagnostic interviews in the current study. For example, whether an individual who reported 
binging and purging regularly, recalls their BMI being 17.5 or alternatively 19, can make the 
large difference of them being defined as AN-BP or BN. Furthermore the subjective 
interpretation of whether the individual considers their eating behaviours to be disordered will 
also affect diagnosis. It was often the case that the unaffected cotwin reported disordered eating 
patterns that they did not consider to be abnormal nor did it reach clinical significance. A vivid 
example is one of an identical unaffected cotwin, who reported fasting on a regular basis for 
religious purposes, alongside episodes of irregular bingeing. Her proband, who was diagnosed 
with AN-BP, reported similar but more severe behaviours. Other factors that may indicate 
disordered eating patterns which do not reach clinical significance is an overweight BMI. 
Previous research has shown that people who later developed BN were more likely to have 
been overweight in childhood in comparison to their unaffected sisters (Micali et al 2007). 
Interestingly in this sample, an overweight status was more prevalent in non-eating disorder 




(16.7%). In sum, subtle differences in the presentation of clinical symptoms may account for 
diagnostic difficulties and the wide variability in heritability estimates across studies.  
 
Other factors that could reduce heritability estimates are non-shared environmental factors 
including various life events, peer group experiences or sexual abuse. These also include the 
subjective interpretation of non-shared environment. Due to time constraints, these factors were 
not studied systematically in the present study (see section 4.7.1). However, there was 
evidence drawn from the interviews to support previous findings that probands are more likely to 
subjectively perceive greater insecure parental attachment in comparison to their cotwin 
(Lehoux and Howe, 2007). Other research has also found that AN probands experience more 
personal vulnerability traits, sexual abuse and higher parental expectations in comparison to 
their unaffected siblings (Karwautz et al 2001). The potential effects of non-shared 
environmental factors on the development of EDs are substantial, since it accounts for 17% to 
46% of the variance in heritability estimates (Klump, Wonderlich, Lehoux, Lilenfeld and Bulik, 
2002). Evidence drawn from the interviews suggests that environmental factors often amplified 
what began as disordered eating to the development of an ED reaching clinical significance, 
whereby it was now used as a coping mechanism.  
 
Conversely, concordance rates within MZ twin pairs may be inflated by the environmental factor 
of having a twin sibling who is genetically predisposed to be physically identical. Anecdotal 
evidence from the interview indicated that this had motivated some twins to develop or maintain 
their ED for longer, as a way of remaining physically identical to their cotwin or competing to be 
physically superior. Supporting this, onset of the eating disorder occurred within a closer time 
frame for concordant MZ twin pairs [Mdn=2 years (IQR=3.25)] in comparison to DZ twins 
[Mdn=10 years (IQR=10]. When interpreting this finding the limited sample size of concordant 
DZ twins is acknowledged. 
 
The childhood OCP traits and lifetime impulsive behaviours are explored using quantitative 
analysis in the following chapters, 5 and 6.  
 
The study of the genetic basis to the course and outcome of eating disorders was limited in the 
present study by not having systematically assessed environmental factors from conception to 
present day. These environmental factors include those that occur pre and post-natally. 
4.7.1. Limitations 
Early life events that occur in the intrauterine environment and subsequent epigenetic changes 
are other examples of environmental factors that may influence the propensity for eating 
disorders. The Barker hypothesis (Barker and Osmond, 1986) proposes that adverse 
environmental influences such the maternal reporting of stress and malnourishment during 




causes the epigenetic modiﬁcation of genes which in turn influence the risk of chronic diseases 
in adulthood, including eating disorders (De Boo and Harding 2006). Early factors such as a low 
birth-weight have been linked to the later development of behavioural problems, psychiatric 
disorders (Hack et al 2004; Indredavik et al 2005) and the development of eating disorders 
(Micali 2005). Such pre-natal environmental factors may have a greater influence on the 
propensity for eating disorders and associated traits than a genetic disposition. 
 
The present study had an assessment which lasted up to 4 hours, which meant that an 
extensive assessment of environmental factors was beyond the scope of the present study.  A 
measure that is recommended for future research is the Oxford Risk Factor Interview for Eating 
Disorders (ORFI) (Fairburn et al 1997). This measure assesses specific risk factors associated 
with EDs.  It is an investigator based interview which establishes the time line prior to ED onset. 
Areas investigated by the ORFI include parental EDs, obesity, parental depression, and alcohol 
and substance dependence. These factors have shown evidence of heritability and influence on 
prognosis. Work by Field and colleagues (2011) have found that loss of control during episodes 
of overeating (binge eating) is predictive of adverse outcomes such as drug use, binge drinking 
frequently and developing high levels of depressive symptoms. It is unclear whether binge 
eating causes these adverse outcomes or whether binge drinking or eating and substance 
abuse are used to self medicate depressive symptoms. This uncertainty makes these factors all 
the more interesting to be investigated using genetically informative samples to determine the 
causal direction. 
 
This study aimed to explore how morbidity co-aggregates within twin pairs by providing visual 
depictions of the life course of the ED, premorbid OCP traits and lifetime impulsive behaviours. 
A comparison between MZ and DZ twin pairs demonstrated the heritability of the life course of 
EDs since concordant MZ twins’ demonstrated a striking similarity in age of onset, eating 
disorder types, movement between diagnostic categories and duration of the illness in 
comparison to DZ twins. 
4.8. Conclusion 
 
Furthermore subtleties in the way in which symptoms are defined and the patient’s subjective 
interpretation of these, make diagnosis on the basis of physical phenotypes challenging and 
may contribute to the wide heterogeneity within diagnostic categories. This merits the 
investigation of implicit phenotypes, such as cognition and emotional processing which provides 







5. Chapter 5: Childhood Obsessive Compulsive Personality Features in 
Women with Eating Disorders: An Investigation in Twins 
This chapter describes the third study of this thesis, which explores the familial risk and genetic 
basis of childhood OCP traits in twins with eating disorders. The traits are investigated in terms 
of endophenotype criteria as outlined by Gottesman and Gould (2003).  
5.1. Introduction to the chapter 
 
For this thesis, this chapter is the first step towards investigating implicit traits such as 
personality traits that are not currently included as diagnostic criteria, as potential 
endophenotypes. Support for this hypothesis merits further investigation of neurocognitive traits 
such as inefficiencies in set shifting and weak central coherence that are associated with 
obsessive compulsive symptoms and perfectionism as genetic risk factors.  
 
Personality traits have great potential to inform the taxonomy of EDs. Previous research has 
indicated that perfectionism and obsessive compulsive traits consistently characterise both AN 
and BN. Further examinations into how these traits cluster within families will help unravel the 
aetiology of eating disorders and inform more effective treatment strategies (Bulik et al 2007; 
Lilenfeld et al 2006). 
5.2 Background and development of the study 
 
As mentioned in the introduction to this thesis (chapter 1, section, 1.14.3), the EATATE lifetime 
diagnostic interview (Anderluh et al 2003) was developed to systematically assess childhood 
behaviours reflecting an OCP in EDs. This refers to a broad spectrum of at least five traits 
reflecting an obsessive compulsive personality in childhood as opposed to a psychiatric 
diagnosis in itself. Research using this instrument has found OCP traits to be elevated in people 
with eating disorders although especially in AN (Anderluh et al 2003; Halmi et al 2010).  
Childhood traits reflecting an obsessive compulsive personality are a significant predictor of 
having a diagnosis of obsessive compulsive personality disorder in adulthood (Anderluh et al 
2003). In addition the presence of these behaviours in childhood and adulthood moderates ED 
symptoms and prognosis (Crane et al 2007; Anderluh et al 2009; Heatherton and Baumeister, 
1991; Joiner, Heatherton, Rudd, & Schmidt, 1997; Striegel-Moore et al. 2005). 
 
There is evidence to suggest that environmental and genetic factors play a role in contributing 
to the development of these behaviours. Environmental precipitants include perinatal factors 
such as high levels of stress during pregnancy which has been associated with cognitive 
inflexibility and perfectionism in AN (Favaro and Santonastaso, 2010; Favaro and 
Santonastaso, 2008). Other research has also confirmed the association between perinatal and 




Investigations into first degree relatives of people with eating disorders and twins indicate that 
obsessive compulsive behaviours and perfectionism are familial and genetic risk factors 
(Woodside et al 2004; Lilenfeld et al 1998; Bellodi et al 2004; Wade et al, 2008). 
 
The focus of the present study was to investigate the familial and genetic risk of childhood OCP 
traits measured by the EATATE lifetime diagnostic interview. 
 
The aim of this study was to explore whether childhood OCP traits measured by the EATATE 
diagnostic interview might be considered as endophenotypes using a genetically sensitive 
design (a twin study). Three endophenotype criteria outlined by Gottesman & Gould (2003) 
were investigated: a) the association of obsessive compulsive personality traits with EDs, b)  co-
segregation within families and c) heritability. 
5.3 Aims 
 
The main hypothesis was that people with EDs would have elevated levels of childhood OCP 
traits and investigations into their twin siblings would indicate that these are familial and genetic 
risks factors.  
5.4 Hypotheses  
 
According to previous literature, the following objectives and predictions were made: 
5.4.1 Specific objectives and predictions: 
 
Firstly, the association between childhood OCP traits and the illness was examined by 
comparing people with EDs with controls. It was hypothesised that people with EDs would have 
elevated levels of childhood OCP traits in comparison to controls.  
 
Secondly, to assess co-segregation within families, the presence of these traits in non-eating 
disorder cotwins were examined. It was hypothesised that non-eating disorder cotwins would 
show elevated levels of childhood OCP traits in comparison to controls. 
 
Thirdly, differences in childhood OCP traits between AN and BD groups were explored. On the 
basis of previous research it was hypothesised that AN would have elevated levels of childhood 
OCP traits in comparison to the BD group (Anderluh et al 2003; Halmi et al 2011). 
 
Fourthly, OCP traits were investigated as predictors of specific ED symptoms in probands. It 
was hypothesised that higher levels of OCP traits would be associated with more severe and 





Lastly, heritability was examined by comparing MZ and DZ twins with the expectation that the 





This study employed a cross sectional case-control study design to compare clinical and control 
groups. A familial design (chapter 3, section 3.15.5) was employed to assess non-eating 
disorder cotwins in comparison to controls and lastly a twin design (chapter 3, section 3.15.6) 
was employed to assess the genetic basis of childhood OCP traits (described in detail in 
chapter 3). 
5.5.1 Study design 
 
Participants were the clinical twin group described in chapter 3 (section 3.10).  Data for the 
control group of singletons used within the present study was obtained with permission from two 
previously published studies by Anderluh and colleagues (2003; 2009) (see table 5.1). 
5.5.2 Participants 
 
The measures used in this study were the same as used in chapter 4 (and described in detail in 
chapter 3, section 3.5.3). 
5.5.3 Measures 
 
To compare demographic characteristics such as age and BMI across groups, generalised 
estimating equations were used (see table 5.1).   
5.5.4 Data analysis 
 
To assess childhood OCP traits using a familial design, the clinical group was divided into 
‘eating disorder probands’ (which included MZ and DZ probands) and ‘non-eating disorder 
cotwins’ (which included MZ and DZ non-eating disorder cotwins).   
 
For the total number of childhood OCP traits, normality of the data was assessed separately for 
each comparison between probands, non-eating disorder cotwins and control singletons. 
Transforming the data did not reduce the skew, therefore the non-parametric method of the 
Kruskall Wallis test was used to compare all three groups on the total number of OCP traits. The 
Jonkhere test was used to assess for any significant trends across these groups. The post hoc 
Mann Whitney U test was used to assess between group comparisons for the total number of 
OCP traits. Rosenthal’s (1991) effect sizes was calculated and converted to Cohen’s d using an 




<0.40), moderate (≥ 0.40 and <0.75), large (≥0.75 and <1.10), very large (≥1.10 and <1.45) and 
huge (≥1.45).  
 
For each specific OCP trait (i.e. perfectionism, inflexibility, rule bound traits and the drive for 
order and symmetry) the proportion of probands, non-eating disorder cotwins and control 
singletons scoring 2 is presented (see table 5.2) (for scoring instructions see chapter 3, section 
3.5.4). This is also presented for AN and BD probands separately in table 5.4. Due to the binary 
nature of these specific traits, differences between probands, non-eating disorder cotwins and 
controls were conducted using the Pearson chi square test and Fishers exact test. For these 
comparisons the odds ratio is presented. This analysis was also used to examine differences 
between AN with BD probands.  
 
For probands, the total number of OCP traits and perfectionism were assessed as predictors of 
the duration of eating disorder symptoms (weighted by age). Spearman’s correlation coefficients 
were conducted and those which reached statistical significance were followed up with linear 
regressions to assess whether they were significant predictors of ED symptoms. For the linear 
regressions, age was used as an additional covariate (for the duration of ED symptoms not 
weighted by age). 
 
Statistical analysis using a twin design was conducted as described in chapter 3, section 3.15.6. 
 
A post-hoc power analysis was conducted using GPower software which indicated that the 
present sample would have 100%, 100%, and 100% power for detecting group differences 
between ED probands, AN probands and BD probands and controls at the 0.05 level for 
childhood OCP traits (based on Anderluh et al 2003).  




Demographic and clinical details of the groups are presented in table 5.1. The clinical groups 
(described in chapter 3, section 3.10) are separated on the basis of their zygosity and clinical 
status. The clinical and control groups were significantly different in age (p=0.00).  












Table 5.1: Demographic and Clinical Features for Twins with Eating Disorders, Their Non-Eating 






















BMI current 20.6 (3.5) 21.9 (6.0) 21.2 (2.3) 
 
 
23.7 (4.3) 22.0 (2.1) -- 
 
BMI lowest 16.9 (5.7) 20.2 (2.7) 17.8 (3.5) 
 
 
19.1 (1.2) -- -- 
BMI highest 22.1 (4.9) 22.3 (6.1) 23.2 (3.7) 
 
 
24.4 (6.3) -- -- 
Age of 
onset 
17 (6) -- 18 (7) 
 
 
-- -- -- 
Duration of 
illness 
6 (14) -- 5.3 (8.5) 
 
 










-- -- -- 
Recovered 64.8% -- 83.3% 
 
 
-- -- -- 
BMI>18.5 86.5% -- 100% 
 
 










-- -- -- 
MZ ED: MZ probands 
MZ-H: MZ non-eating disorder cotwin 
DZ ED: DZ probands 
DZ-H: DZ non-eating disorder cotwin 
Statistics reported are: Medians and interquartile ranges in brackets. 
Years of recovery: Median and range in brackets. 




















Controls vs. Non-ED 
cotwins 








P value Pos Hoc analysis 
 
 
Pos Hoc analysis 

































Controls< Probands** Controls< Non-ED 
cotwins** 
 













Controls < Non-ED 
cotwins* 














Odds ratio = 5.1 
Controls < Non-ED 
cotwins** 
Odds ratio = 6.25 
Childhood excessive 













Odds ratio = 30.41 
Controls < Non-ED 
cotwins** 
Odds ratio = 19.65 














Odds ratio = 17.44 
Controls = No- ED 
cotwins 
 
Odds ratio = 7.21 
- Proband: MZ probands and DZ probands 
- Non-ED cotwins: MZ and DZ non-eating disorder cotwins  
- Total OCP traits: Kruskall Wallis test to compare overall differences between groups for the total number of OCP traits. Statistics reported are medians, followed by interquartile 
ranges (IQ) in brackets. Cohen’s d effect sizes are presented 
 Post Hoc analysis: Mann Whitney used to compare Probands vs. Controls and Non-ED cotwins vs. Controls.  
- Specific OCP traits: The Pearson Chi Square used test to compare overall differences for perfectionism, inflexibility, rule bound, excessive doubt and cautiousness and drive for 
order and symmetry. Statistics reported are the percentage of participants with the OCP trait. Odd ratios are presented. 







5.6.2 Analysis of childhood obsessive compulsive personality traits as associated with eating 
disorders and as familial traits 
i)  Eating disorder twins vs. non-eating disorder cotwins vs. controls 
There were significant differences between the probands, non-ED cotwins and controls, for the 
total number of OCP traits (H(2) = 42.94, p= 0.00). The Jonkhere test revealed a significant 
linear trend across the groups (J=2370, z = 6.546, r= 0.66, p=0.00). In addition perfectionism 
(χ2 (2) = 35.00, p=0.00), inflexibility (χ2 (2) = 26.22, p=0.00), rule bound (χ2 (2) = 10.92, 
p=0.00), excessive doubt and cautiousness (χ2 (2) = 19.81, p=0.00) and order and symmetry 
(χ2 (2) = 12.33, p=0.00) all differed across the groups.  
 
ii)  Eating disorder twins vs. controls 
The total number of OCP traits was found to be significantly higher in the probands (Mdn= 2) in 
comparison to controls with a huge effect size (Mdn=0, U=108.4, p=0.00, d=2.08). All five of the 
traits that made up the total number of OCP traits were found at a significantly higher level in 
probands in comparison to controls. Perfectionism was found to be significantly more prevalent 
in probands in comparison to controls (χ2 (1) = 31.12, p=0.00) as was inflexibility (χ2 (1) = 
23.81, p=0.00) and excessive doubt and cautiousness with an odds ratio of 30.41 (χ2 (1) = 
19.26, p=0.00). Rule bound traits were significantly higher in probands in comparison to controls 
with an odds ratio of 5.1 (χ2 (1) = 9.23, p=0.00) and so was drive for order and symmetry with 
an odds ratio of 17.44 (χ2 (1) = 11.77, p=0.00).  
 
iii) Non-eating disorder cotwins vs. controls 
The total number of OCP traits was found to be significantly higher in non-ED cotwins (Mdn= 2) 
in comparison to controls with a small to medium effect size (Mdn=0, U=108.5, p=0.00, d=1.35).  
Four out of the five OCP traits were found to be significantly more prevalent in non-ED cotwins 
in comparison to controls. 
 
Perfectionism was found to be significantly more prevalent in non-ED cotwins in comparison to 
controls (χ2 (1) = 6.44, p=0.02) as was inflexibility (χ2 (1) = 6.44, p=0.02), excessive doubt and 
cautiousness with an odds ratio of 19.65 (χ2 (1) = 10.86, p=0.00) and rule bound traits (χ2 (1) = 
8.08, p=0.01) with an odds ratio of 6.25.  However drive for order and symmetry was not found 






























76.9% 54.4% 62.5% 100% 25% 0% 
Childhood inflexibility 
 
53.8% 45.5% 54.2% 100% 8.3% 33.3% 
Childhood rule bound 
 
53.8% 63.6 45.8% 50% 50% 66.7% 
Childhood excessive doubt 
and cautiousness 
46.2% 81.8% 37.5% 100% 41.7 33.3% 
Childhood drive for order 
and symmetry 
38.5% 36.4% 37.5% 50% 33.3% 0% 
Non-AN cotwin: Non anorexia nervosa cotwins 
Non-BD cotwin: Non bulimic disorder (bulimia nervosa and binge eating disorder) cotwins 






5.6.3 Analysis of differences between AN and BD probands for obsessive compulsive 
personality traits 
Table 5.4: OCP Traits in AN and BD Probands 
 AN BD AN vs. BD 
 N=24 N=26  









AN = BD 
Cohen’s D =0.14 
Childhood perfectionism 64% 68% AN= BD 
Odds ratio= 0.94 
Childhood inflexibility 52% 56% AN= BD 
Odds ratio= 0.93 
Childhood rule bound 
 
60% 44% AN= BD 
Odds ratio= 1.36 
Childhood excessive doubt 
and cautiousness 
64% 40% AN= BD 
Odds ratio= 1.6 
Childhood drive for order 
and symmetry 
36% 40% AN= BD 
Odds ratio= 0.90 
AN: MZ and DZ anorexia nervosa probands 
BD: MZ and DZ probands bulimic disorder probands (bulimia nervosa and binge eating disorders)  
Statistics reported are: 
 Medians, followed by interquartile ranges (IQ) in brackets for the total number of OCP traits.  
 The percentage of probands with each specific OCP trait. 
Statistical tests are: 
 Mann Whitney U test for comparing AN vs. BD for the total number of OCP traits. Cohen’s d presented. 
 Pearson Chi Square test or Fishers exact test for comparing AN vs. BD for perfectionism, inflexibility, rule 











5.6.3.1. OCP traits in anorexic and bulimic disorders 
i)  AN vs. BD 
Overall there were no significant differences between AN and BD probands for the total number 
of OCP traits (U=289, p=0.64) and only a negligible effect sized difference (d=0.13) between 
these groups. Attention is drawn to two twin pairs, one being discordant for EDNOS 
inappropriate compensatory behaviours (chapter 4, Diagram 4.1c, twin pair 20) and the other 
being concordant for BED (chapter 4, Diagram 4.1b, twin pair 14). Both of these pairs reported 
much higher levels of childhood OCP traits putting them in the 74th percentile of this sample.  
 
No significant differences were found between AN and BD probands for the specific traits: 
perfectionism (χ2 (1) = 0.09, p=0.77), order and symmetry  (χ2 (1) = 0.09, p=0.77) rule bound 
traits (χ2 (1) = 1.28, p=0.26), inflexibility (χ2 (1) = 0.08 p=0.77) or excessive doubt and 
cautiousness (χ2 (1) = 2.89 p=0.09). This finding may be in part due to lacking statistical power 
as a consequence of a limited sample size. However a review of the odds ratios comparing 
these groups indicates that AN probands were more likely to report excessive doubt and 
cautiousness and rule bounds traits at trend level (see table 5.4) in comparison to BD probands. 
 
A Spearman’s correlation coefficient which assessed the relationship between childhood OCP 
traits and the duration of specific clinical symptoms (illness, amenorrhea, excessive exercise, 
fasting, laxative or diuretic use and vomiting) found no significant associations. 







































Diagram 5.1: OCP Traits in MZ and DZ Twins  
Diagram 5.1a: OCP Traits in MZ Twin Pairs                                                                                      
 





            
A visual inspection of diagrams 5.1a and 5.1b suggests within pair similarity in both MZ and DZ twins. The MZ within pair correlation [r=0.55 (CI: 0.21-0.77) 
p=0.00] was not higher than the DZ within pair correlation [r=0.74 (CI: 0.25-0.93) p=0.01] suggestive of a stronger influence of environmental factors.  
5.6.5.1. Summary of OCP traits as heritable 
Y axis: Total number of childhood obsessive compulsive personality traits 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. Twin pairs 
3 to 10 are discordant with twin 2 indicating the proband) 
 
Y axis: Total number of childhood obsessive compulsive personality traits 
X axis: Twin pair (Twin pairs 1 to 14 are concordant for eating disorder diagnosis. Twin pairs 15 to 25 




The aim of the present study was to investigate childhood personality traits reflecting OCP in 
EDs as familial and heritable traits. The traits were investigated using a semi-structured 
interview, requiring participants to give a retrospective account of OCP behaviour in childhood 
or prior to the onset of the ED. The findings confirmed that OCP traits were found at a higher 
rate in those with an ED history in comparison to controls and investigations into their 
unaffected twin siblings indicated that these were a strong familial liability. Lastly, investigations 
into heritability found a similar level of within pair similarity in MZ and DZ twins, suggesting that 
environmental factors shared by sibling pairs may contribute strongly to these traits. 
5.7 Discussion 
 
All five OCP traits were more prevalent in the probands in comparison to controls. When 
comparing AN probands with BD probands, there was no overall statistical difference in the total 
number of childhood OCP traits (Anderluh et al 2003). This may in part be due to the limited 
sample size and lack of statistical power. A review of the descriptive statistics did however 
suggest a higher prevalence of some OCP traits in AN in comparison to BD probands. There 
were trends to suggest that those with AN were more likely to have reported excessive doubt 
and cautiousness and rule bound traits in childhood. Furthermore asides from two probands 
with BED (n=2), those with lifetime AN-R (76.9%) had the highest prevalence of perfectionism, 
in comparison to AN-BP types (54.4%) and BN (62.5%). This finding is supported by others 
(Anderluh et al 2003). 
5.7.1 Childhood OCP traits as a familial risk 
 
There was little evidence to support the prognostic significance of OCP traits in our sample. 
This is similar to previous investigations in a sample of 49 children and adolescents (aged 11-
18) with AN, where no significant relationships between OCP traits and AN symptoms (restraint, 
eating concern, weight and shape) were found (Serpell et al 2006). 
 
Four of the OCP traits (perfectionism, inflexibility, rule bound traits and excessive doubt and 
cautiousness) were familial traits since they were significantly elevated in their non-eating 
disorder cotwins.  Specifically elevated levels of perfectionism in the unaffected twin siblings’ 
supports previous research, which has found it to be a shared familial trait (Karwautz, et al 
2001; Lilenfield, 2000). Premorbid inflexibility and rule bound traits were elevated in probands 
and the risk was 7.5-6.25 times higher in non-eating disorder cotwins in comparison to controls. 
Excessive doubt and cautiousness was found to be a familial trait, which is similar to previous 
findings of this in unaffected relatives of probands bulimia nervosa (Lilenfield et al, 2000).  
Although the need for order and symmetry was not significantly elevated in non-eating disorder 
cotwins the risk of this trait was 7.2 times more likely in this group in comparison to controls. 
Previous research has found the need for order, to be a familial trait, which is predictive of OCD 
symptoms such as washing and checking behaviours in daughters of mothers with OCD 
(Taberner et al 2009).  
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MZ twins did not demonstrate more frequent within pair similarity in comparison to DZ twins 
suggesting that environmental factors shared by sibling pairs may contribute strongly to these 
traits. Environmental precipitants that have been previously linked to OCP traits could include 
perinatal factors such as the maternal reporting of stress during pregnancy (Favaro and 
Santonastaso, 2010; Favaro and Santonastaso, 2008). As mentioned previously in chapter 4 
(section 4.7.1), environmental factors could also include  post natal factors such as feeding 
difficulties or adversities in childhood which are markers of the future development of eating 
disorders (Micali 2005). Anecdotal evidence gathered from the semi-structured interview also 
suggests that strict parenting and school styles may have contributed to excessive doubt and 
cautiousness and rule bound traits. 
5.7.2 Childhood OCP traits as heritable 
 
Previous research which has investigated the exact contributions of genetic and environmental 
influences to childhood OCP traits (measured by the childhood retrospective perfectionism 
questionnaire; Southgate et al 2008) in a large sample of representative twins (TwinsUK 
dataset) has found genetics to account for 0.81 of the variance and non-shared environmental 
factors to account for the remaining 0.19 (Boraska et al, to be submitted). Other studies of 
representative samples have found a wide range in the heritability OCPD (defined by the DSM-
IV and DSM-III-R) ranging from 27 to 77% (Reichborn Kjennerud et al 2007; Torgersen et al 
2000).  Various factors could explain these very differential genetic factors of OCP traits 
between our clinical sample and the representative sample.  Firstly, the limited sample size of 
our clinical twins and the possibility that this leads to false positives is noted. Secondly, the 
underlying phenotypes or rather, the etiological architecture of OCP features may differ between 
clinical and control populations. This idea is elaborated by Gottesman and Gould (2003) who 
proposed that the genetic correlation between clinical symptoms and the underlying phenotype 
differs between psychiatric and healthy populations. To confirm these proposals, further 
research with much larger samples of twins with clinical eating disorders are required to 
accurately conduct heritability estimates of OCP features.  
 
The present study lends support to the importance of environmental factors in the development 
of OCP traits. However this suggestion cannot be formally confirmed due to the aforementioned 
limitation of not having systematically assessed pre and postnatal environmental events (see 
chapter 4, section 4.7.1).  
5.7.3 Limitations of the study 
 
Other limitations include the use of a twin sample. It may be queried as to whether this sample 
is representative of the singleton population of eating disorders. Extreme competitiveness 
between siblings, may contribute to perfectionistic tendencies and this may be especially the 
case for identical twins. Competing for superiority in terms of physical appearance, parental 
affection or academic achievements was something that was reported by the twins during the 
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semi-structured interview. Empirical investigation into the influence of competitiveness between 
siblings on the heritability of specific traits deemed it to be a negligible factor (Rebollo and 
Boomsma 2006).  
 
Positive features of this study are the use of a semi-structured interview to assess childhood 
OCP traits which probed participants to recall a range of behavioural examples. In comparison 
to self-report measures, this method possibly allowed for a more representative account of their 
true behaviours and attitudes. Furthermore, the present study assessed these behaviours as 
risk factors that were not confounded by the presence of an ED, since participants reported 
OCP behaviour prior to the ED onset. 
 
Previous neuropsychological assessments of inflexibility have also found cognitive inflexibility to 
be a familial trait (Holliday et al 2005; Roberts et al. 2010). However it has been suggested that 
neuropsychological tasks such as the WCST (Heaton et al 1993), measure more general 
executive functioning and cognitive inflexibility as opposed to behavioural flexibility (Kremen et 
al (2007). A study which did not find significantly more errors on the WCST (Heaton et al 1993) 
in adolescents with AN, did find significantly more difficulties in cognitive and behavioural set 
shifting measured by a self report measure (Behavior Rating Inventory of Executive Function-
Self Report) (McNarney et al 2011). By assessing behavioural inflexibility using a semi-
structured interview, the present study addresses this limitation. 
 
To summarise, all five childhood OCP traits were found to be significantly elevated in probands. 
Furthermore these OCP traits, apart from the drive for order and symmetry were found to be 
significantly elevated in their non-ED cotwins. This suggests that they are shared familial risks 
that are the product of shared environment and genes.  MZ twin pairs did not demonstrate 
greater within pair similarity in comparison to DZ twins suggesting that shared environmental 
factors of the twin siblings contribute substantially to these OCP traits. It may be proposed that 
future studies should aim to assess OCP in terms of its five distinct components as opposed to 
the over-arching diagnostic category. This may assist in refining the phenotype by enabling 











6. Chapter 6: Impulsive Behaviours in Women with Eating disorders: An 
Investigation in Twins 
The previous chapter investigated the OCP traits known to characterise all eating disorder 
types. Following on from this, the present chapter investigates impulsive behaviours that more 
typically define eating disorders with a binge eating component. 
6.1 Introduction to the chapter 
  
These behaviours are investigated in terms of their endophenotype criteria which include a 
familial and heritable risk as outlined by Gottesman and Gould (2003). Support for this 
hypothesis merits the exploration of related behavioural traits such as an altered sensitivity to 
reward as potential endophenotypes and possible additions to the diagnostic assessment in 
Chapter 9.  
 
As mentioned in the introduction (section 1.15), impulsive behaviours consistently characterise 
eating disorders – in particular, those marked by binge eating in comparison to restrictive types 
(Favarro et al 2005; Fernandez-Aranda et al 2008). These behaviours are predictive of long 
term outcome and response to treatment indicating that they have potential use in the 
diagnostic process and clinical settings (Fichter et al 2006; Fahy and Eisler, 1993; Fernandez-
Aranda et al 2008, Fernandez-Aranda et al 2006).   
6.2 Background and development of the study 
 
Evidence from research in twins and sibling pairs indicates that these traits are familial and 
genetic risk factors (Wade et al 2008; Karwautz et al 2002; Wade et al 2004; Congdon and 
Canli, 2008; Hur and Bouchard, 1997; Pedersen, Plomin, McClearn & Friberg, 1998). The focus 
of the present study was to investigate the familial and genetic risk of lifetime impulsive 
behaviours measured by the EATATE lifetime diagnostic interview (Anderluh et al 2003) in twins 
with eating disorders.  
 
The aim of this study was to explore whether lifetime impulsive behaviours measured by the 
EATATE diagnostic interview (Anderluh et al 2003) might be considered as endophenotypes 
using a genetically sensitive design (a twin study). Three endophenotype criteria outlined by 
Gottesman & Gould (2003) were investigated:  a) lifetime impulsive behaviours are associated 








The main hypothesis was that impulsive behaviours would be more characteristic of those with 
a lifetime diagnosis of BD in comparison to those with AN. Moreover investigations into their 
twin siblings would indicate that these are familial and genetic risks factors.  
6.4 Hypotheses  
 
According to the current evidence base the following predictions were made: 
6.4.1 Specific objectives and predictions: 
 
Firstly, the association between lifetime impulsive behaviours and the illness was examined by 
comparing ED twins with controls. It was hypothesised that BD probands would have elevated 
levels of lifetime impulsive behaviours in comparison to controls and AN probands.  
 
Secondly, to assess co-segregation within families, the presence of these traits in non-eating 
disorder cotwins were examined. It was hypothesised that non-eating disorder cotwins would 
show similar levels of lifetime impulsive behaviours to their probands. Therefore non-bulimic 
disorder cotwins would have elevated levels of lifetime impulsive behaviours in comparison to 
controls and non-AN cotwins. 
 
Thirdly, impulsive behaviours were assessed in relation to other clinical features of the disorder 
in probands. It was expected that a higher number of impulsive behaviours would be associated 
with greater clinical severity.  
 
Lastly, heritability was examined by comparing MZ and DZ twins with the expectation that 
lifetime impulsive behaviours would be more similar within MZ twin pairs in comparison to DZ 





This study employed a cross sectional case-control study design to compare clinical and control 
groups. A familial design (chapter 3, section 3.15.5) was employed to assess non-ED cotwins in 
comparison to controls and a twin design (chapter 3, section 3.15.6) was employed to assess 
the genetic risk of lifetime impulsive behaviours. 
6.5.1 Study design 
 
Participants were the clinical and control group described in chapter 5 (table 5.1).  
6.5.2 Participants 
 
The measures used in this study were the same as used in chapter 4 (and described in detail in 
chapter 3, sections 3.5.3 and 3.5.4). 
6.5.3 Measures 
 
In the present study normality of the data was assessed separately for each comparison 
between the groups. Transforming the data did not reduce the skew, therefore the non-
parametric method of the Mann-Whitney U test was used to assess comparisons between 
groups.  
6.5.4 Data analysis 
 
The post hoc power analysis indicated that the present sample would have 100% and 100%, 
power for detecting group differences between AN probands and BD probands and controls at 
the 0.05 level for lifetime impulsive behaviours (based on Anderluh et al 2003).  




Demographic and clinical details of the clinical and control groups are presented in chapter 5 
(table 5.1). 















6.6.2 Analysis of lifetime impulsive behaviours as associated with eating disorders and as a familial trait 
Table 6.1: Impulsive Behaviours in Probands, Non-Eating Disorder Cotwins and Control Singletons 

















Total number of lifetime  
impulsive behaviours    
(NB) 
1 (1.5) 1.5 (1) 3 (2.5) 3 (2.5) 0 (0) EDs vs. Controls Test Statistic Cohen’s d 
AN vs. controls 
BN vs. controls 
Non-AN cotwin vs. controls 









AN: anorexia nervosa probands 
BD: bulimic disorder probands (bulimia nervosa and binge eating disorder) 
Non-AN cotwin: Non anorexia nervosa cotwins 
Non-BD cotwin: Non bulimic disorder (bulimia nervosa and binge eating disorder) cotwins 
NB: This analysis excludes the twin pair whose proband had EDNOS inappropriate compensatory behaviours 
Total number of lifetime impulsive behaviours: 12 impulsive behaviours (excluding binge eating) measured by the EATATE part II interview 
Statistics reported are medians, followed by interquartile ranges (IQ) in brackets for the total number of lifetime impulsive behaviours.  
Test Statistic: Mann Whitney U Test and Cohen’s d effect sizes presented 
 
The total number of impulsive behaviours (i.e. alcohol or substance abuse, stealing, gambling, hitting, provoking fights, self-harm, overdosing, overspending, 
fire setting, disinhibited sexual activity, excluding bingeing) was significantly associated with the duration of bingeing (r=0.41, p=0.01) and vomiting (r=0.32, 
p=0.00) with a moderate sized correlation coefficient. Assessing these associations using a linear regression analysis with age as an additional covariate 
indicated that lifetime impulsive behaviours was not a significant predictor of bingeing. However the number of impulsive behaviours was found to account for 
23.9% of the variation in vomiting. Therefore every additional impulsive behaviour reported increased the duration of vomiting by 19.4 months. These 
interpretations are only held true if the effects of age are held constant. 











Diagram 6.1: Lifetime Impulsive Behaviours in MZ and DZ Twins 
Diagram 6.1a: Lifetime Impulsive Behaviours in MZ Twin Pairs                                              Diagram 6.1b: Lifetime Impulsive Behaviours in DZ Twin Pairs 
        







6.6.4.1 Summary of lifetime impulsive behaviours as heritable 
A visual inspection of diagrams 6.1a and 6.1b suggests limited within pair similarity in both MZ and DZ twins. The MZ within pair correlation [r=0.06 (CI: -0.34-














































































Y axis: Total number of lifetime impulsive behaviours 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. 
Twin pairs 3 to 10 are discordant with twin 2 indicating the proband) 
 
Y axis: Total number of lifetime impulsive behaviours 
X axis: Twin pair (Twin pairs 1 to 14 are concordant for eating disorder diagnosis. Twin pairs 






The aim of the present study was to investigate lifetime impulsive behaviours in eating disorders 
as familial and heritable traits. The traits were investigated using a semi-structured interview, 
requiring participants to give an account of the impulsive behaviours that they had engaged in 
and had felt significant feelings of lack of control. The findings confirmed that bulimic disorders 
had engaged in more lifetime impulsive behaviours than controls and anorexic probands. 
Furthermore, the propensity for impulsive behaviours was also found to be a shared familial 
liability. 
 
6.7.1 Impulsive behaviours as predictors of eating disorders 
Lifetime impulsive behaviours were significantly associated with the duration of bingeing, 
however a regression analysis found that it was not a significant predictor of this symptom. This 
may be due to the difficulty in clarifying feelings of lack of control whilst bingeing (Bulik et al 
2008). There was also the difficulty in distinguishing between an objective binge, which is 
defined by the DSM-IV (APA, 2000) as consuming over 1000 calories and a subjective binge 
which may often occur in binge purge types who retain an underweight status (i.e. ANBP). The 
more distinct impulsive eating behaviour of vomiting was significantly predicted by the number 
of lifetime impulsive behaviours. It may be that impulsive eating behaviours and general 
impulsive behaviours are used as a substitute for one another over the life course due to 
difficulties in self regulation or as a maladaptive emotional regulation strategy (Marsh et al 2009; 
Uher et al 2004; Heatherton and Baumeister, 1991). Furthermore impulsive eating behaviours 
may have a synergistic effect, which increases the use of general impulsive behaviours over 
time. Animal models support this and demonstrate that periods of fasting and purging contribute 
to addictive behaviour (Rada et al  2005; Avena et al  2005; Boggiano et al 2007;  Boggiano et 
al  2005; Avena & Hoebel  2003;  Corwin 2006; Corwin & Hajnal 2005).  
 
6.7.2 Impulsivity as familial 
Impulsive behaviours were found to be elevated in all EDs although most prevalent in those 
marked by binge eating in comparison to restrictive types, which is line with previous findings 
(Favarro et al 2005; Fernandez-Aranda et al 2008).  Interestingly similar patterns were found in 
their non-ED cotwins with a higher number of impulsive behaviours in non-BD cotwins in 
comparison to non-AN cotwins. Other research has demonstrated an elevated prevalence of 
alcohol and substance use disorders in family members of women with bulimia nervosa and an 
increased ‘sensitivity to reward’ in unaffected siblings of those with EDs (Bulik, 1991; Kaye et al 
1996; Karwautz et al 2002).  
 
6.7.3 Impulsivity as heritable 
There was less evidence to support a substantial genetic basis for the number of lifetime 
impulsive behaviours. Since this behaviour was found to be a familial risk as opposed to 
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genetic, it may indicate that it is more susceptible to shared environmental factors that 
encourage behaviours involving lack of control and addiction. These may include certain eating 
behaviours that encourage the use of general impulsive behaviours over time (Rada et al 2005; 
Avena et al  2005; Boggiano et al 2007;  Boggiano et al  2005; Avena & Hoebel  2003;  Corwin 
2006; Corwin & Hajnal 2005) or pre and postnatal factors that cause the epigenetic modification 




To summarise lifetime impulsive behaviours were found to be characteristic of bulimic eating 
disorders and their unaffected co-twins, suggesting that it is a shared familial liability. Less 
evidence was found to support a strong genetic basis of these traits since large discordances 
were found within many MZ twin pairs.  On the basis of there being a synergistic relationship 
between impulsive behaviours and the duration of vomiting and bingeing, it was suggested that 
certain eating behaviours may encourage changes in brain biology which increase the risk of 


















7. Chapter 7: Set shifting and Central Coherence as Neurocognitive 
Endophenotypes in Eating Disorders: A Preliminary Investigation in Twins 
 
7.1 Introduction to the chapter 
This chapter describes the fifth experimental study of this thesis, which explores the genetic 
basis of set shifting and central coherence in twins with eating disorders. Previous research has 
shown that weak central coherence and poor set shifting are risk markers for eating disorders, 
that are present post recovery (Tchanturia et al, 2011; Teconi et al, 2010; Nakazato et al, 2010;  
Nakazato et al, 2008; Tchanturia, et al, 2004) and in first degree relatives (Roberts et al. 2010; 
Holliday et al. 2005; Tenconi et al. 2010). The aim of this study was to examine these traits in 
twins with eating disorders to explore the familial and genetic risk using endophenotype criteria 
as outlined by Gottesman and Gould (2003). 
 
7.2 Background and development of the study 
A variety of neurocognitive traits are being investigated as possible additions to diagnostic 
assessments. As mentioned in the introduction (Chapter 1, section 1.16) the eating disorder 
neurocognitive profile includes inefficiencies in set shifting and weak central coherence (Roberts 
et al. 2007; Lopez et al. 2008d). It is possible that inefficiencies in set shifting (Tchanturia et al. 
2011; Teconi et al. 2010; Nakazato et al. 2010;  Nakazato et al. 2008; Tchanturia, et al. 2004)  
and weak central coherence  (Harrison, Tchanturia and Treasure, 2011; Teconi et al. 2010; 
Lopez et al. 2008b) represent vulnerability traits as they remain in those recovered and are 
present in non-eating disorder sisters suggesting that they are familial traits (Roberts et al. 
2010; Holliday et al. 2005; Tenconi et al. 2010; Roberts, Tchanturia and Treasure, submitted). 
However the design of these studies does not distinguish between the effects of shared 
environment or genes. To parse out the exclusive effects of genetic factors, differences within 
identical twin pairs would need to be investigated. This will form the focus of the present 
chapter. 
 
7. 3 Aims 
The aim of this study was to explore whether set shifting and weak central coherence might be 
considered as endophenotypes using a genetically sensitive design (a twin study). Three 
endophenotype criteria outlined by Gottesman & Gould (2003) were investigated: a) the 
association of difficulties in set shifting and weak central coherence with EDs, b) co-segregation 








The main hypothesis was that people with eating disorders would have inefficiencies in set 
shifting and weak central coherence and investigations into their twin siblings would indicate 
that these are familial and genetic risks factors.  
 
7.4.1 Specific objectives and predictions for set-shifting 
 
Firstly, to assess whether this study would replicate previous findings, the association between 
set-shifting and the illness was examined by comparing eating disorder probands with controls. 
It was expected that probands would have inefficiencies in set shifting in comparison to controls. 
 
Secondly, to assess co-segregation within families, set-shifting in non-eating disorder cotwins 
were examined. It was expected that non-eating disorder cotwins would also have inefficiencies 
in set shifting in comparison to controls. 
 
Thirdly, set-shifting was assessed in relation to clinical features of the disorder in probands. It 
was expected that greater inefficiencies in set-shifting would be positively associated with 
clinical severity.  
 
Lastly, the heritability of set-shifting was examined by comparing within pair similarity for MZ 
and DZ twins. Since previous research has demonstrated set-shifting to be a familial trait 
(Tenconi et al 2010; Robert et al 2010) it was expected that set-shifting performance would be 
heritable. Therefore set-shifting performance within monozygotic twin pairs would be more 
similar in comparison to dizygotic twin pairs.  
 
7.4.2. Specific objectives and predictions for central coherence  
 
Firstly, the association between central coherence and the illness was examined by comparing 
eating disorder twins with controls. It was expected that probands would have weak central 
coherence in comparison to controls. 
 
Secondly, it was expected that AN probands would have weaker central coherence in 
comparison to BD probands. 
 
Thirdly, to assess co-segregation within families, the presence of these traits in non-eating 
disorder cotwins were examined. It was expected that non-eating disorder cotwins would also 




Fourthly, central coherence was assessed in relation to clinical features of the disorder in 
probands with the expectation that weaker central coherence would be associated with greater 
clinical severity. 
 
Lastly, the heritability of central coherence was examined by comparing within pair similarity for 
MZ and DZ twins. Since previous research (Roberts et al, submitted; Tenconi et al 201) has 
indicated central coherence to be a familial trait it was expected that central coherence would 
be heritable. Therefore central coherence within monozygotic twin pairs would be more similar 




7.5.1 Study design 
This study employed a cross sectional case-control study design to compare clinical and control 
groups. As described in chapter 3, a familial design (section 3.15.5) was employed to examine 
the familial risk of these traits by comparing non-eating disorder cotwins with controls and lastly 




The participants used in this study are those described in chapter 3 (3.10). The clinical group 
included twins where at least one twin met DSM-IV criteria for an eating disorder and control 
twins.  Specifically the clinical group included a total of 72 twins from 26 monozygotic and 10 
dizygotic twin pairs. The control group included a total of 42 twins. Recruitment procedures for 




7.5.4 Clinical assessment 
The EATATE semi-structured interview (sections 3.5.3 and 3.5.4) was administered to all 
probands and non-eating disorder cotwins (Anderluh et al 2003). All participants also completed 
the NART (Nelson and Wilson 1991; section 3.4.3) as an indication of premorbid IQ, the OCI-R 
(Foa et al 1998; section 3.6.2) to assess obsessive compulsive symptoms, the DASS (Lovibond 
and Lovibond, 1995; section 3.6.1) to assess depression and anxiety and the Rosenberg self-
esteem measure (Rosenberg, 1984; section 3.6.3). The aforementioned measures are 







7.5.5 Neuropsychological assessment 
 
7.5.6 Measures of set shifting 
All participants were administered the neuropsychological battery which consisted of several 
paradigms assessing both set shifting and central coherence. These are described below. 
 
7.5.6.1 Wisconsin card sort task (WCST) (original manual version by Grant and Berg, 1984; 
computerised version by Heaton, Chelune, Talley, Kay, and Curtiss, 1993) 
The WCST is a measure of cognitive flexibility. In the present thesis the computerised version 
was used. To begin participants are presented with a screen, which displays four cards in a row. 
These include cards with 1 red triangle, 2 green stars, 3 yellow crosses and 4 blue circles. 
Underneath there are 4 blank boxes in a row. At the bottom of the screen there is a pile of cards 
faced upwards. Participants are given the instruction that the four cards at the top will stay the 
same throughout the task. They are told that they are required to match each card from the pile 
at the bottom with the row of cards displayed at the top according to which they think fits best. 
The cards may be sorted according to 1 of 3 rules which include matching its ‘shape’, ‘number’ 
or ‘colour’.  To do this participants are told to click on the blank box below the card and the 
computer will move the card for them. The time taken for the card to move is 1.5 seconds, 
during which the participant can change their mind by clicking anywhere on the screen, enabling 
them to retry. However once the card has moved to the box the choice cannot be changed. The 
participant is told that once the card has moved to the pile they will receive visual and audio 
feedback informing them of whether they have sorted the card correctly. Visual feedback is 
given in the form of ‘Right’ or ‘Wrong’ being flashed on the screen for 1 second. The audio 
feedback reads out of the visual feedback. They are told that they may use this feedback to 
determine how they sort the next card. Throughout the task the sorting rule changes 
unpredictably requiring the participant to adapt to new rules or stay with the same. After every 
10 cards that are sorted correctly the rule changes in the following order: colour, shape, 
number, colour, shape, number and so on. To begin the card must be sorted according to the 
rule of colour. The task comes to an end, when the participant has correctly sorted all the cards 
for 6 consecutive rules, or when all 128 cards have been sorted. The task can be completed 
with sorting a minimum 70 number cards. Participants are told that there is no time limit. No 
further instructions are given.  
 
The WCST measures a wide range of executive functions relating to the frontal lobe, such as 
working memory, reward and inhibition. In the present study, this task was used to measure set-
shifting ability, with greater difficulties being determined by a higher number of perseverative 
errors. When the participant sorts the card according to a previous rule that is no longer correct, 




The WCST provides a number of output variables, which include the raw number of 
perseverative errors in addition to the percentage of perseverative errors. In this study the raw 
score was used in the analysis since a percentage can be misleading.  For example a 
participant needing more cards to complete the task than another who scored the same number 
of perseverative errors will result in a lower percentage of perseverative errors than the former.  
In such cases the contribution of perseverative errors to the overall percentage is decreased. 
Therefore the raw number of perseverative errors is chosen as the most sensitive measure of 
set shifting ability. 
 
7.5.6.2 Brixton task (Burgess and Shallice, 1997) 
The Brixton task is a cognitive set-shifting task (see appendix 1.11). Originally administered 
using a paper version and as part of the Brixton & Hayling task set. This thesis used a 
computerised version. Participants were presented with a computer screen on which there is a 
grid 5 x 2 grid of white circles. The circles on the top row are labelled 1 to 5 and the circles on 
the bottom row are labelled 6 to 10. At the beginning of the task, circle 1 is blue. Participants are 
told that the blue circle will move location and that they are requested to predict the next 
movement of the blue circle by saying their prediction out loud. After each prediction is made, 
the experimenter prompts the blue circle’s next move using the computers keypad. Participants 
were told that the blue circle may move in a sequence and that this pattern of movement will 
change throughout the task requiring them to adapt to the new pattern to avoid making errors. 
In total the blue circle moves 55 times with the blue circle’s pattern of movement changing 8 
times. The blue circles first movement of each new pattern is scored as correct if the participant 
has responded in accordance with the old rule. Subsequent trials are only scored as correct if 
the participant has by then adapted to the new rule. The experimenter records the participants’ 
responses on a sheet allowing them to total the outcome variable, which is the total number of 
errors. A higher number of errors are indicative of greater difficulties in set-shifting.  
 
7.5.6.3. Justification of set shifting measures selection 
Two measures of set shifting were chosen based on previous research. In Roberts et al (2007) 
systematic review of set shifting in eating disorders, the Wisconsin Card Sorting Task (WCST) 
yielded a medium effect size (d=0.62) when comparing AN with controls. This indicates that it is 
a sensitive measure for AN. Furthermore, recently a study using discordant sisters has shown 
that non-AN sisters had more perseverative errors on the WCST with a medium effect size 
suggesting that it is a sensitive measure of familial risk (Roberts et al 2010). The WCST 
(described in detail in section 7.5.6.1) is relatively costly, however being a computerised task it 
offers an objective measure. Furthermore with it being one of the most widely used measures of 
set shifting, the present findings can be interpreted within a wide context of twin research in 
other psychiatric and control samples. The WCST is argued to measure a wide variety of 
executive functions, one of which is set shifting, meaning that poor performance on this task 
could be indicative of many underlying deficits (Kremen et al 2007). Therefore another measure 
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of set shifting ability was included; the Brixton task.  The systematic review conducted by 
Roberts et al (2007) yielded a small effect size of 0.21 when comparing those with AN and BN 
to controls. Importantly the Brixton task and the WCST differ in levels of complexity.  In the 
WCST task, participants are not given explicit instructions that they will need to adapt to new 
rules throughout the task, although this is the case in the Brixton task. Furthermore in the 
WCST, participants are told whether their response is correct, allowing them to learn from 
feedback (Tchanturia et al 2012). 
  
The Brixton task has also demonstrated its sensitivity in detecting a familial risk in non-BN 
sisters since a medium effect size was found in comparison to controls (Roberts et al 2010). 
The Brixton task (described in detail in section 7.5.6.2) can be administered relatively quickly 
(approximately 3 minutes) and can be purchased cheaply. Including this task would enable the 
findings of the present study to be compared within the context of other research, which has 
assessed the familial risk of deficits in eating disorders (Roberts et al 2010).  
 
7.5.7 Measures of central coherence 
 
7.5.7.1. Group embedded figures task (GEFT) (Witkin, Oltman, Raskin, & Karp, 2002) 
The GEFT is an assessment of local processing. It assesses the time taken to locate a simple 
geometric figure within a meaningless geometric pattern (see appendix 1.12). The task, which is 
administered individually, is presented in a booklet, which is split into 3 sections each containing 
9 trials. The 1st section is a practice. The study adopts a modified version used by Booth (2006), 
which simultaneously presents the trial and the simple shape to the participant. Therefore, 
performance on this task is not confounded with working memory abilities. The participant is told 
that the simple shape will be depicted within the complex shape in the same shape, size and 
orientation. For the procedure the participant is first shown the simple shape, with the complex 
shape being revealed soon after. At this point the stopwatch is started. When the participant 
indicates that they have found the shape, the stopwatch is paused. The participant then traces 
in the shape. If the participant’s guess is incorrect, a ‘false claim’ is recorded and the stopwatch 
is restarted. Each trial comes to an end when the participant successfully locates the simple 
shape, or after the maximum time of 60 seconds, which is recorded as a ‘time-out error’. Since 
the booklet is double-sided, other complex shapes that are not relevant to the current trial are 
hidden using another piece of paper. The time taken to locate all 18 shapes, in addition to the 
number of false claims and time out errors are recorded.  A shorter response time indicates 
superior local processing.  
 
The GEFT is based on work by Gosttschaldt (1926) who originally developed a measure of 
Gestalt perception, which involved locating shapes that were embedded within line patterns. 
Witkin (1971) developed this further with the embedded figures task (EFT), by presenting the 
complex figure in various colours and making the simple shape harder to locate. The EFT was 
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originally developed with the possibility of being administered in group settings (Witkin 1971). 
Subsequently the GEFT which is based on the EFT was developed. This task included figures 
from Gosttschaldts work and the EFT. In this task the complex design is presented in shades of 
blue as opposed to various colours. The GEFT has been validated as a reliable measure of 
detail processing in a student sample (Witkin 2002).  
 
7.5.7.2 Rey-osterrieth complex figure (ROCF) task (Osterrieth, 1977) 
This task is an assessment of global integration and detail focus. The participant is required to 
copy a complex figure which assesses their organisational strategy. The participant is provided 
with a blank sheet of paper and another paper depicting the ROCF figure (Diagram 7.1). They 
are also provided with 10 colour pencils in the following order; black, green, purple, brown, blue, 
pink, light blue, red, orange and yellow. The participant is asked to copy the figure starting with 
the black pencil first. During the process, the experimenter prompts the participant to change 
their pencil by handing them the next pencil. To assist the scoring procedure the drawing is 
filmed.  
 
7.5.7.2.1 Central coherence index 
The drawing is scored according to the system developed by Booth and colleagues (2006), 
which results in a central coherence index. This score ranges from 0 to 2 and higher scores 
indicates less detail (local) focus and the use of more global strategies. The index is derived by 
taking into account the order and style of the drawing.  
 
7.5.7.2.2. Central coherence order 
Central coherence order is a score which quantifies whether the drawing was constructed by 
starting with its more detailed elements as opposed to its more global or exterior elements. The 
18 elements are classed into one of 4 categories; 1) global external element, 2) global internal 
element, 3) local perimeter element and 4) local internal element (see table 7.1). The score is 
based on the mean of the first 6 elements drawn resulting in a score of 0 to 3.2. This score is 
then divided by 3.2 to give a weighted central coherence order index, ranging from 0 to 1.  
 
7.5.7.2.3 Central coherence style 
Central coherence style is a score which quantifies whether the 6 key elements were drawn in a 
continuous or fragmented manner. These elements include the large rectangle (element 2), the 
diagonal cross (element 3), the extended horizontal line (elements 4 & 16), the extended 
vertical line (element 5), the sides of the large triangle (element 13), and the small rectangle 
(element 6) (see figure 1). Each element is given a score ranging from 0 to 2. A score of 0 
indicates that the element was drawn in a fragmented manner with at least 2 interruptions. Key 
elements, which are not drawn, are also given a score of 0. A score of 2 indicates that the 
element was partially fragmented and interrupted once. A score of 2 indicates that the element 
was drawn in a continuous manner with no interruptions. The mean score of the 6 elements 
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gives a score of 0 to 2, which is then divided by 2 to give a weighted central coherence style 
index ranging from 0 to 1.  
 
The weighted central coherence style and order indices are added together to give the central 
coherence index ranging between 0 to 2, with higher scores indicating better global integration 









































Table 7.1: ROCF Hierarchical Categories for the Order of Construction  
Category Element Description 
Global external element 
(Score = 4) 
2 Large Rectangle 
13 Sides of the large triangle attached to large rectangle 
Global internal element 
(Score= 3) 
3 Diagonal cross 
4 Horizontal middling of large rectangle 
5 Vertical midline of large rectangle 
6 Horizontal line within sides of large triangle 
Local perimeter element 
(Score=1) 
1 Vertical cross 
9 Small triangle above large rectangle 
14 Diamond 
17 Horizontal cross 
18 Square attached to large rectangle 
Local internal element 
(Score=0) 
6 Small rectangle 
7 Small horizontal line above small rectangle 
15 Vertical line within sides of large triangle 
8 Four parallel lines 
10 Small vertical line within large rectangle 
11 Circle with three dots 















7.5.8. Justification of central coherence measures selection 
The GEFT (Witkin, Oltman, Raskin, & Karp, 2002) was chosen as a measure of local 
processing. Lopez and colleagues’ (2008d) systematic review indicated that the highest effect 
sizes for comparisons between controls and people with eating disorders were found for the 
version where participants are presented with the simple and complex design at the same time. 
In this version a detailed focused cognitive ability is not confounded with working memory. This 
version has found superior performance in EDs with a moderate effect size in comparison to the 
others, which have only found a difference with a small effect size (Lopez et al 2008a; Lopez et 
al 2008c). Furthermore this task has been previously trialled in a study of discordant sisters, 
which has demonstrated that this is a sensitive measure to assess this trait as a familial risk 
(Roberts et al submitted).  
 
In addition the ROCF task (Osterrieth 1944) was chosen to assess both global integration and 
detail focus. Taking into account the systematic review conducted by Lopez et al (2008d) and 
subsequent studies (Roberts submitted; Harrison 2011), those with EDs differ from controls with 
the largest effect sizes on organisational strategy (central coherence index) in comparison to 
copy and recall accuracy outcome variables. Similarly non-ED sisters differ most from controls 
on organisational strategy (CCI) suggesting that this is the most sensitive measure to assess a 
familial trait (Roberts et al submitted). Therefore the copy accuracy and recall accuracy aspects 
of the tasks were not included.  
 
7.5.9 Procedure:  
Full details of the procedure are described in Chapter 3. Tasks were administered in the 
following order: WSCT, ROCF task, GEFT and the Brixton Test. 
 
7.5.10 Statistical methods 
The statistical procedures are those described in chapter 3. 
 
For the analysis using a familial design (section 3.15.5) that compared, probands, non-eating 
disorder cotwins and controls, the data was transformed for outcome variables that were not 
normally distributed. A logarithm transformation was used for the WCST (perseverative errors), 
the Brixton test (total number of errors) and the GEFT (median time taken) outcome variables.  
 
7.5.11 Sample size and power  
The sample size in the present study was limited by the number of twins it was possible to 
recruit within a time frame. Due to the exploratory nature of this study a post-hoc power analysis 
was conducted using GPower software. This indicated that in order to detect group differences 
between probands and controls at the 0.05 significance level, the present sample would have 
99% power for the WCST, 70% for the Brixton task, 97% for the ROCF and finally 51% power 
for the GEFT (based on Tchanturia et al 2012, Tchanturia et al. 2011; Roberts, Tchanturia and 
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Treasure, 2010; Roberts, Tchanturia and Treasure, submitted). For detecting group differences 
between non-eating disorder cotwins and controls at the 0.05 significance level the present 
sample would have 44% power for the WCST, 22% for the Brixton task, 99% power for the 









Table 7.2 represents the results from the set shifting tasks (WCST and the Brixton Task). 
 
i)  Eating disorder twins vs. control twins 
Eating disorder probands had a significantly higher number of perseverative errors on the 
WCST in comparison to controls with a medium effect size (d=0.5, p=0.01) (see table 7.2).  AN 
probands (d=0.6, p=0.04) had a slightly greater impairment in comparison to controls than BD 
probands (d=0.4, p=0.03). A descriptive comparison showed that those who were currently 
underweight (n=7, raw mean=18.23, s.d=10.91) had a higher number of perseverative errors 
than those who were weight recovered (n=46, raw mean =14.34, s.d =11.61) with a small effect 
size (d=0.3). For the analysis of the WCST perseverative errors, exclusion of two outliers from 
the proband group and one outlier in the control group did not largely change the effect sizes of 
group comparisons. 
 
For set shifting measured by the Brixton task, probands had a higher number of errors in 
comparison to controls with a small effect size (d= 0.2, p=0.35) at trend level (see table 7.2). 
This impairment was slightly more pronounced in BD probands (d=0.3, p=0.18) than in AN 
probands (d=0.1, p=0.77) in comparison to controls. Those who were currently underweight 
(n=7, raw mean=11.00, s.d=3.32) had a lower number of errors than those who were weight 
recovered (n=46, raw mean =12.74, s.d =5.09) with a small effect size (d=0.3).  For the analysis 
of the Brixton total errors, exclusion of two outliers from the proband group and one outlier in the 
control group more than doubled effect sizes for comparisons between the clinical and control 
group. Specifically, comparisons between probands and controls yielded a medium effect size 
(d=0.5).   
 
ii) Non-eating disorder cotwins vs. control twins 
Non-eating disorder cotwins had a higher number of perseverative errors on the WCST in 
comparison to control twins at trend level with a medium effect size (d=0.4, p=0.12) (see table 
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7.2). For the analysis of the WCST perseverative errors, exclusion of one outlier in the control 
group did not largely change the effect size of this group comparison. 
 
For set shifting measured by the Brixton task, non-eating disorder cotwins had a higher number 
of errors in comparison to controls with a small effect size (d=0.2, p=0.39) at trend level (see 
table 7.2). For the analysis of the Brixton total errors, exclusion of one outlier in the control 
group more than doubled the effect size of the comparisons between non-eating disorder 







Table 7.2: Analysis of Set-Shifting as Associated with Eating Disorders and as Familial Traits 
 
Analysis of the WCST and Brixton task for ‘Overall Groups’: Probands, Non-ED cotwins and Controls 
 Group comparisons, Mean difference (95% C.I) p value 
 
Cohens 




Control twins (n=42) 
WCST PE1   14.75 (11.39) 13.32 (8.33) 
 
10.88 (10.29) Wald Chi Square: 6.44, df: 2. p= 0.04 
Proband > Controls, 0.12 (0.03-0.21) p=0.01    




Brixton errors2    12.51 (4.90) 14.16 (6.43) 12.87 (7.46) 
 
Wald Chi Square: 1.07, df: 2. p= 0.59 
Proband > Controls, 0.04 (-0.04-0.11) p=0.35  





Analysis of the WCST and Brixton task for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 
 Group comparisons, Mean difference (95% C.I) p value   
 
Cohen’
s d Specific 
Diagnosis 
(NB) 









WCST PE1   16.46 
(13.76) 
13.31(8.60) 13 (8.80) 15 (8.25) 10.88 
(10.29) 
Wald Chi Square: 8.51, df: 4. p= 0.07 
AN > Controls, 0.14 (0.01- 0.28) p=0.04  
BD > Controls, 0.11 (0.01-0.20) p= 0.03,  
Non-AN Cotwin > Controls, -0.08 (-0.07- 0.23) p=0.28  











Wald Chi Square: 2.18, df: 4. P= 0.70 
AN > Controls, 0.01 (-0.08- 0.11) p=0.77  
BD > Controls, 0.05 (-0.02-0.12) p= 0.18,  
Non-AN Cotwin > Controls, 0.03 (-0.07- 0.14) p=0.57  






NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
1 Means and data analysis for the WCST PE (perseverative errors) were analysed with a log transformation and age included as a covariate (2 d.p)  





7.6.1.2. Central coherence  
 
Table 7.3 displays the results from the central coherence tasks (ROCF test CCI and GEFT)  
 
i.) Eating disorder twins vs. control twins 
Eating disorder probands did not differ from controls on the ROCF CCI (d=0.1, p=0.54). A 
descriptive comparison showed that those who were currently underweight (n=7, raw 
mean=1.64, s.d=0.23) had a higher central coherence index than those who were weight 
recovered (n=46, raw mean =1.32, s.d =0.35) with a large effect size (d=0.9).  
 
Eating disorder probands did not differ significantly from controls on the GEFT median time 
taken (d=0, p=0.98) (see table 7.3).  Stronger local processing was found in AN probands (raw 
median=12.20, IQR=9.61) with a small effect size (d=-0.3, p=0.32) at trend level. Whereas BD 
probands (raw median=21.33, IQR=17.27) had weaker local processing in comparison to 
controls at trend level (d=0.3, p=0.20). A descriptive comparison showed that those who were 
currently underweight (n=7, raw mean=17.08, s.d=19.63) had a lower median time taken score 
than those who were weight recovered (n=46, raw mean =19.49, s.d =16.08) with a small effect 
size (d=0.2). 
 
ii.) Non-eating disorder cotwins vs. control twins 
For the ROCF CCI, non-eating disorder cotwins had a significantly lower score in comparison to 
controls with a medium effect size (d=-0.6, p=0.04) (see table 7.3).  For the GEFT median time 
taken, non-eating disorder cotwins did not differ significantly from controls (d=0.1, p=0.85) (see 




Table 7.3: Analysis of Central Coherence as Associated With Eating Disorders and as Familial Traits 
 
Analysis of the ROCF CCI and the GEFT for ‘Overall Groups’: Probands, Non-ED cotwins and Controls 
 Group comparisons, Mean difference (95% C.I) p value 
 
Cohen’s 







ROCF CCI3   1.36 (0.35) 1.10 (0.41) 1.32 (0.33) Wald Chi Square: 5.91, df: 2. P= 0.05 
Proband = Controls, 0.04 (-0.09-0.18) p=0.54 





time4    
13.15 (12.65) 15.85 (12.20) 14.75 (17.33) Wald Chi Square: 0.05, df: 2. P= 0.98 
Proband = Controls, -0.00 (-0.14- 0.13) p=0.98  





Analysis of the ROCF CCI and the GEFT for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 















ROCF CCI3 1.42 (0.30) 1.32 (0.38) 1.12 (0.37) 1.03 (0.54) 1.32 (0.33) Wald Chi Square: 8.57, df: 4. P= 0.07 
AN > Controls, 0.11 (-0.05- 0.28) p=0.2  
BD = Controls, -0.01 (-0.17-0.19) p= 0.90,  
Non-AN Cotwin < Controls, -0.19 (-0.41- 0.03) p=0.10  
















Wald Chi Square: 5.78, df: 4. P= 0.22 
AN <. Controls, -0.08 (-0.24- 0.07) p=0.32  
BD > Controls, 0.09 (-0.05-0.24) p= 0.20,  
Non-AN Cotwin < Controls,- 0.03 (-0.22- 0.16) p=0.77  






NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
3Means and data analysis for the ROCF CCI (Central Coherence Index) were analysed with age included as a covariate 
4 Means and data analysis for the GEFT (median time) were analysed with a logarithm transformation and age included as a covariate 
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7.6.2. Relationships to clinical features 
 
a.) Set-shifting 
For eating disorder probands the WCST perseverative errors was positively associated with the 
OCI-R total score (r=0.37, p=0.01) and the OCI-R obsessing (r=0.40, p=0.00) and ordering 
subscales (r=0.29, p=0.04), with weak to moderate correlations. It was also positively 
associated with the EATATE part 2 interview which assessed the need for order and symmetry 
in childhood (r=0.36, p=0.01).  
 
b.) Central coherence 
For eating disorder probands stronger local processing (measured by GEFT) was associated 
with the need for order and symmetry (r=0.39, p=0.00**). The ROCF CCI was not significantly 
associated with clinical features in any of the groups.  
 
Furthermore, neither age, years of formal education, or current BMI were significantly 



































Diagram 7.2: WCST PE in MZ and DZ Twins  
           

















Y axis: WCST perseverative errors (PE) (raw score) 
X axis: Twin pair (Twin pairs 1 to 15 are concordant for eating disorder diagnosis. Twin pairs 16 to 26 
are discordant with twin 2 indicating the proband) 
1 S.D above control mean- 1 standard deviation above control mean 
 
Y axis: Wisconsin Perseverative errors (PE) (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. 
Twin pairs 3 to 10 are discordant with twin 2 indicating the proband) 








Diagram 7.3: Brixton Errors in MZ and DZ Twins  
 














Y axis: Total Brixton errors (raw score) 
X axis: Twin pair (Twin pairs 1 to 15 are concordant for eating disorder diagnosis. Twin pairs 16 to 
26 are discordant with twin 2 indicating the proband) 



























1 S.D above control mean
Y axis: Total Brixton errors (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. 
Twin pairs 3 to 10 are discordant with twin 2 indicating the proband) 







7.6.3.1. Summary of set shifting heritability 
 
An inspection of monozygotic twins in diagram 7.2a shows that some twin pairs are relatively 
concordant while others have large discrepancies within pairs.  For set shifting measured by the 
WCST the within pair correlation for monozygotic twins was r=-0.02 (CI: -0.39 – 0.37, p=0.53) 
and r= -0.39 (CI: -0.80 – 0.28, p=0.88) for dizygotic twins. There were two outliers in the 
proband group. With these outliers excluded for the WCST preservative errors, the within pair 
correlation for monozygotic twins was r=0.26 (CI: -0.15 – 0.59, p=0.11).  Therefore the 
monozygotic twins indicated more within-pair similarity than dizygotic twins (r= -0.39 CI:-0.80 – 
0.28, p=0.88). 
 
For set shifting measured by the Brixton task, the within pair correlations for monozygotic twins 
was r=0.22 (CI: -0.17 – 0.56, p=0.13) and r=-0.04 (CI: -0.63 – 0.58, p=0.55) for dizygotic twins. 
There were two outliers in the proband group. With outliers excluded, the within pair correlations 


































Diagram 7.4: ROCF in MZ and DZ Twin Pairs 
 

















Y axis: ROCF Central Coherence Index (raw score) 
X axis: Twin pair (Twin pairs 1 to 15 are concordant for eating disorder diagnosis. Twin pairs 16 
to 26 are discordant with twin 2 indicating the proband) 
1 S.D below control mean- 1 standard deviation below control mean 
 
Y axis: ROCF Central Coherence Index (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. Twin 
pairs 3 to 10 are discordant with twin 2 indicating the proband) 








Diagram 7.5: GEFT in MZ and DZ Twins 
 












Y axis: Group Embedded Figures Median Time Taken (raw score) 
X axis: Twin pair (Twin pairs 1 to 15 are concordant for eating disorder diagnosis. Twin pairs 16 to 26 
are discordant with twin 2 indicating the proband) 
1 S.D below control mean- 1 standard deviation below control mean 
 
Y axis: Group Embedded Figures Median Time Taken (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. Twin 
pairs 3 to 10 are discordant with twin 2 indicating the proband) 
1 S.D below control mean- 1 standard deviation below control mean 
 
Y axis: Group Embedded Figures Median Time Taken (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for eating disorder diagnosis. Twin pairs 3 to 10 are discordant 
with twin 2 indicating the proband) 







7.6.3.2 Summary of central coherence heritability 
 
For central coherence measured by the ROCF and GEFT an inspection of monozygotic twins in 
diagrams 7.4a and 7.5a shows most pairs being relatively concordant in comparison to dizygotic 
twins depicted in diagrams 7.4b and 7.5b.  For the ROCF task, the within pair correlation for 
monozygotic twins indicated that they were significantly more similar in performance (r=0.44, CI: 
0.07-0.70, p=0.01) in comparison to dizygotic twins (r=-0.37, CI: -0.79 – 0.30, p=0.87). 
Furthermore, for the GEFT within pair correlations for monozygotic twins indicated that they 
were also significantly more similar in performance (r=0.58, CI: 0.26-0.79, p=0.00) in 
comparison to dizygotic twins (r=0.18, CI: -0.59 – 0.6,1 p=0.48). Although within pair 
correlations for dizygotic twins did not reach significance, it may be suggested that with 
monozygotic twins within pair correlations being more than double that for dizygotic twin pairs 












This study explored the genetic basis of set-shifting and central coherence in twins with eating 
disorders. Both neurocognitive traits were more similar in monozygotic than dizygotic twins, 
which suggests a genetic contribution. The tests of central coherence in this sample suggested 
that there was a genetic basis, since within-pair correlations for monozygotic twins were more 
than double that of dizygotic twins. On the other hand, in the set shifting tasks there was less of 
a differential correlation between monozygotic and dizygotic twins, suggesting environmental 
factors may contribute more to these traits. Set shifting difficulties were more marked in people 
with an eating disorder history and a strength in local processing (measured by the GEFT) was 
found particularly in those with AN. However, difficulties in global integration (measured by the 
ROCF CCI) were not found in this group. Impaired set shifting was associated with obsessive 
compulsive symptoms. In addition, set shifting and central coherence impairments (measured 
by the ROCF) were more marked in non-eating disorder cotwins of people with an eating 
disorder history. All of these findings suggest that these traits may be part of the eating disorder 
endophenotype profile.  
 
7.7.1. Set shifting and central coherence as part of the eating disorder neurocognitive trait 
profile 
Since our probands were a mix of those currently ill and recovered this study investigated the 
neurocognitive profile as a traitor scar from the illness as opposed to it being exclusively 
associated with a currently ill status. Performance on the WCST was impaired in probands with 
medium effect sizes and this was also the case for the Brixton task at trend level, which 
replicates previous findings (Roberts et al, 2010). People with AN had larger impairments on the 
WCST task in comparison to BD. Previous research has indicated that this impairment may be 
more prominent in AN since a recent systematic review has concluded no consistent findings of 
this measure in those with BD (Van den Eynde et al. 2011). Lastly the presence of these traits 
in non-eating disorder cotwins lends support to set shifting being a familial trait (Roberts et al. 
2010; Tenconi et al. 2010). 
 
People with AN had strengths in local processing (measured by the GEFT) although this was 
not the case for BD. Overall probands did not demonstrate difficulties in global integration 
(measured by the ROCF CCI) although the non-eating disorder cotwins group did at trend level. 
Combining previous findings of the persistence of this trait in recovered AN samples, with the 
present study’s findings of heritability and being a familial trait, it may be concluded that weak 








7.7.2. Set shifting and central coherence as heritable traits 
Central coherence appeared to have a more pronounced genetic basis than set shifting in 
people with eating disorders. This is similar to what was found in ADHD, a disorder associated 
with eating disorders, where set shifting (measured by the Wisconsin Perseverative errors) was 
found to be less heritable (0.18) than central coherence (0.27, measured by the ROCF CCI) in a 
study of family trios (Biederman et al. 2007; Doyle et al. 2008).  Research into control samples 
have also found variation in the WCST performance to be largely accounted for by unique 
environment (69%) and shared environmental factors (31%) (Chou et al. 2010; Campana et al. 
1996; Kremen et al. 2007, Nicole and Del Miglio, 1997; Taylor, 2007). Possible environmental 
factors accounting for the variance may range from not understanding the experimental 
instructions to the physical effects of starvation.   
 
7.7.3. Limitations 
The study has several shortcomings, which are worth highlighting.  Firstly, the limited sample 
size means that this study is exploratory.  
 
Secondly, our relatively mixed sample of BN and BED (47.2%) and almost equal proportion of 
AN (52.8%) is taken into account when interpreting the findings. At present the neurocognitive 
profile of BED has received less investigation and a recent review has found no consistent 
profile in BN (Van den Eynde et al. 2011). Further research is clearly needed to determine traits 
that characterise these disorders. 
 
Thirdly, more monozygotic twins were currently ill (i.e. 56.1% recovered) in comparison to 
dizygotic twins (83.3% recovered), which may have influenced the analysis of heritability. 
Nevertheless, the number of probands that were currently underweight (BMI< 18.5) were only 
marginally greater in the monozygotic group (14.6 %) in comparison to the dizygotic (0%) group. 
Fourthly, using a volunteer twin registry is another potential source of sampling bias, since it 
requires that the twins contact the registry themselves. Thus those that are more invested in 
being a twin may be more likely to volunteer (Bulik et al. 2000). This also makes it unlikely that 
twin pairs who have a less close relationship will participate and hence limits the generalisability 
of our results. 
 
Fifthly, the ascertainment of participants differed from previous studies that have recruited from 
inpatient units. Only 41.5% had received treatment and 64% were recovered. Those that never 
reach the attention of hospital services represent an understudied group. In addition those that 
recover from eating disorders may represent a different class of the disorder to those that 







Sixthly, the non-eating disorder cotwins comparatively older age may have contributed to 
findings in this group, since neurocognitive impairments are known to increase with age 
(Ridderinkhof et al. 2002; Ardila et al. 2000).  Additional data such as the delay and accuracy 
aspects of the ROCF may have added important details to this study, although these were 
excluded from the protocol at the outset to reduce the burden on participants. Nevertheless, the 
similarity within monozygotic twins validates the external validity of the neuropsychological 
tasks. However the presence of frequent outliers observed in the WCST and Brixton task, which 
may have resulted because of poor engagement, suggests that these tasks may not be robust 
measures.  
 
Seventhly, in this study we chose not to exclude those with depression in our clinical sample, 
due to the restraints of our sample size and this being a common comorbidity in eating 
disorders. However, it is well acknowledged that depression can amplify deficits in 
neurocognitive function and this may have influenced our findings (Gotlib and Joorman, 2010; 
McClintock et al. 2010). 
 
7.8. Conclusions 
The present study set out to explore whether aspects of the neurocognitive profile associated 
with eating disorders could be considered as endophenotypes using a variety of methods. 
Preliminary support was found for set-shifting and central coherence endophenotype status. 
Both traits, especially central coherence appear to be heritable. Furthermore set shifting 
difficulties are elevated in eating disorders and associated with OCD symptoms. Lastly, both set 
shifting difficulties and weak central coherence are found in their unaffected twin siblings. 
Combining these findings lends support to poor set shifting and weak central coherence being 
intermediate traits that lie between clinical symptoms and the genes that confer risk. Future 
studies with larger samples and those adopting longitudinal designs are required to explore and 

















8. Chapter 8: Emotional Processing as a Behavioural Endophenotype in 
Eating Disorders: A Preliminary Investigation in Twins 
 
8.1 Introduction to the chapter 
This chapter describes the sixth experimental study of this thesis. It explores whether emotional 
processing might be considered as a potential endophenotype in eating disorders. Previous 
research (Harrison et al 2010c) has indicated that difficulties in emotional processing is present 
post recovery and therefore independent of the active illness state. This suggests that they may 
be premorbid genetic risk factors. 
 
To gather evidence of its potential endophenotype status, the criteria for a familial and genetic 
risk as outlined by Gottesman and Gould (2003) were investigated. This hopes to inform the 
direction of genetic and environmental contributions to these traits.  
 
8.2 Background and development of the study 
People with EDs commonly have difficulties in social and emotional functioning (Harrison et al 
2009; Harrison et al 2010b; Harrison et al 2010c; Zucker et al 2007; Oldershaw et al. 2010). As 
detailed in the introduction (chapter 1, section 1.19), research has found that people with EDs 
(AN and BN) have difficulties in emotion recognition [measured by the reading the mind in the 
eyes task (RME); Baron-Cohen, et al 2001] (Russell et al 2009; Harrison et al 2009; Harrison et 
al 2010b; Harrison et al 2010c; Oldershaw et al 2010), abnormal attention to social threat 
[measured by the emotional stroop task (Estroop); Ashwin et al 2006] (Harrison et al 2009; 
Harrison et al 2010b; Harrison et al 2010c) and difficulties in emotion regulation [measured by 
the Difficulties in Emotion Regulation Scale (DERS) Gratz and Roemer 2003] (Harrison et al 
2009; Harrison et al 2010b; Harrison et al 2010c). Furthermore the persistence of these traits in 
people who have recovered from AN suggests that they are not just a consequence of the 
depressive and anxious symptomatology that is present in the acute state but may be 
endophenotypes arising from a genetic vulnerability (Gottesman and Gould 2003). The literature 
in other psychiatric conditions such as autistic spectrum disorders (Losh and Piven 2007; Baron 
Cohen et al 1997) and schizophrenia (de Achaval et al 2009; Ibanez et al 2010) suggests that 
emotion recognition difficulties measured by the RME task may be a familial trait that is present 
in unaffected first degree relatives. At present the familial and genetic risk of these traits in ED 
samples is yet to be investigated. This will form the focus of the present chapter. 
 
8.3 Aims 
The aim of this study was to explore whether emotional processing might be considered as an 






endophenotype criteria outlined by Gottesman & Gould (2003) were investigated: a) the 
association of difficulties in emotion recognition, attention; bias to social stimuli and difficulties in 
emotion regulation, with EDs, b) co-segregation within families and c) heritability. 
 
8.4 Hypotheses 
The main hypothesis was that people with eating disorders would have difficulties in emotional 
processing and investigations into their twin siblings would indicate that these are familial and 
genetic risks factors.  
 
8.4.1 Objectives and specific predictions: 
According to previous literature the following objectives were outlined and predictions were 
made: 
 
The first objective was to examine the association between emotional processing difficulties and 
the illness, by comparing people with eating disorders with controls. It was hypothesised that 
people with eating disorders would have difficulties in emotional processing in comparison to 
controls.  
 
The second objective was to investigate difficulties in emotional processing as predictors of 
specific eating disorder symptoms in probands. It was hypothesised that greater levels of 
difficulties in emotional processing would be associated with more severe and chronic 
symptoms.   
 
The third objective was to assess co-segregation within families, by examining the presence of 
these traits in non-eating disorder cotwins. It was hypothesised that non-eating disorder cotwins 
would show difficulties in emotional processing in comparison to controls. 
 
The fourth objective was to examine heritability by comparing monozygotic and dizygotic twins. 
It was hypothesised that emotional processing would be more similar within monozygotic twin 




8.5.1 Study design 
As described in detail in chapter 3, a familial design (section 3.15.5) was employed to assess 
non-eating disorder cotwins in comparison to controls and lastly a twin design (section 3.15.6) 









Participants were the clinical and control twin groups described in chapter 3 (section 3.10). 
From this sample one concordant monozygotic twin pair was excluded since they were unable 
to take part in the present study. Therefore the present sample included 25 monozygotic twin 
pairs and 10 dizygotic twin pairs where at least one had an eating disorder history as defined by 




8.5.4 Clinical assessment 
The EATATE semi structured interview was administered to all probands and non-eating 
disorder cotwins (Anderluh et al 2003). All participants also completed the NART (Nelson and 
Wilson 1991) as an indication of premorbid IQ, the OCI-R (Foa et al 1991) to assess obsessive 
compulsive symptoms, the DASS (Lovibond and Lovibond, 1995) to assess depression and 
anxiety and the Rosenberg Self-esteem measure (Rosenberg, 1984). The aforementioned 
measures are described in greater detail in chapter 3 (section 3.6).  
 
8.5.5. Personality assessment 
 
8.5.5.1 Difficulties in emotion regulation scale (DERS) (Gratz and Roemer, 2004). 
The DERS is a 36 item assessment of emotion regulation (see appendix 1.13). Participants are 
asked to indicate how often each statement applies to them, ranging from 1 (0-10% of the time) 
to 5 (91-100% of the time). The scale results in a total score, which is the sum of all the items 
with higher scores indicating greater difficulties in emotion regulation. The scale can be divided 
into six subscales which are distinct yet related. These include: 
 
- ‘Non acceptance’ (non acceptance of emotional responses) which is comprised of items 
assessing the tendency to have negative secondary emotional responses to negative 
emotions. It also assesses non acceptance of emotional distress. 
- ‘Goals’ (difficulties engaging in goal directed behaviour) which is composed of items 
assessing difficulties in concentrating or completing tasks when experiencing negative 
emotions.  
- ‘Impulse’ (impulse control difficulties) which is comprised of items assessing difficulties 
in controlling behaviour when experiencing negative emotions.  
- ‘Awareness’ (lack of emotional awareness) which is composed of items reflecting the 
tendency to acknowledge emotions. After being reverse scored it assesses a lack of 






- ‘Strategies’ (limited access to emotion regulation strategies) which assesses the 
frequency of the belief that once the person has become upset there is little that can be 
done to regulate emotions effectively.  
-  ‘Clarity’ which assesses the extent to which the person is clear about the emotion they 
are experiencing. 
 
Gratz and Roemer (2004) determined that the psychometric properties of the DERS were 
excellent in a sample of 357 male and female controls aged 23.10 (S.D=5.67). The DERS had a 
high internal consistency (Cronbachs alpha = 0.93), indicating that all the items measure the 
same latent variable. The measure also demonstrated good construct validity since it was 
negatively correlated (r=-0.69**) with the self-regulation of negative moods (measured by the 
Generalized Expectancy for Negative Mood Regulation Scale; Catanzaro & Mearns, 1990), 
emotional expression (measured by the Emotion Expressivity Scale; Kring, Smith, & Neale, 
1994) and experiential avoidance (measured by the Acceptance and Action Questionnaire; 
Hayes et al 2004). This supports that the DERS measures the psychological construct that it set 
out to. The DERS demonstrated good predictive validity since it was significantly positively 
correlated with self-harm in men (r=0.26**) and women (r=0.20**). Furthermore it was positively 
correlated with intimate partner abuse in men (r=0.34**). Lastly, the test-retest reliability from 4 
to 8 weeks was good (p=0.88, p<0.01) suggesting low measurement error and the sensitivity to 
detect subtle changes over time.  
 
8.5.5.2 Behavioural inhibition system and behavioural activation system scales (BIS/BAS 
scales; Carver and White, 1994) 
The BIS/BAS is a 20-item questionnaire designed to assess two general motivation systems of 
behaviours and affect (see appendix 1.14). The behavioural inhibition scale (BIS) assesses 
punishment sensitivity and includes items such as ‘I worry about making mistakes’.  Behavioural 
activation is assessed using 3 related scales. The BAS drive scale assesses the persistent 
pursuit of desired goals. The BAS fun seeking scale assesses the desire for new rewards and 
the BAS reward responsiveness scales assesses the focus on positive response in the 
anticipation of reward. The scores are totalled for each subscale. Participants are required to 
respond to each statement using a 4-point likert scale ranging from 1 (‘very true for me’) to 4 
(‘very false for me’). In our sample Cronbachs alpha was 0.75 for the BIS, 0.79 for the BAS 
reward responsiveness, 0.82 for the BAS drive and 0.81 for the BAS fun seeking scale.  
 
8.5.5.3 Appetitive motivation scale (AMS Jackson and Smillie, 2004) 
The AMS is an 11-item measure of reward reactivity (see appendix 1.15). Participants are 
required to indicate to what extent they agree with each statement using a 4 point likert scale 






actively look for new experiences ‘The final score is the total of the items. In Jackson and 
Smillie’s (2004) sample the Cronbachs alpha was 0.83 for the full scale indicating adequate 
internal consistency. In this sample Cronbachs Alpha was 0.77. 
 
8.5.6 Behavioural assessment: measures of emotional processing 
All participants were administered the Emotional Stroop Task (Ashwin et al 2006) which was 
used to assess social and angry threat attentional biases and the Reading the Mind in the Eyes 
task (revised; Baron-Cohen et al., 2001) that was used to assess emotion recognition.  
 
 
8.5.6.1 Reading the mind in the eyes task, (Baron-Cohen, Wheelwright, Hill, Raste and Plumb 
(2001) 
This task is a measure of complex emotion recognition. At the beginning of the task, participants 
are presented with a practice, which also acts as a control. They are presented with 10 slides of 
sets of eyes and asked to indicate whether they are male or female (see appendix 1.16). 
Subsequently participants are presented with 36 slides of sets of eyes belonging to males and 
females on a computer screen. Each picture of eyes was a standardised size, in black and 
white, depicting the face from the brow down to the nose midway. On each slide surrounding 
the eyes are four words describing cognitive mental states each indicating what the person in 
the picture may be thinking or feeling. Participants are required to indicate which of the words 
bear the closest resemblance to the eyes. They are provided with a booklet containing all the 
word definitions which they can refer to at any time. Furthermore participants are allowed to 
move through the slides at their own pace and they are told that there is no time limit for this 
task. The outcome measure is the percentage of correct answers with lower scores indicating 
greater difficulties in recognising emotions.  
 
This task is suggested to be an advanced pure theory of mind test. This is because the task 
does not require executive functions such as attention switching, planning or inhibition. 
Furthermore the slides do not provide contextual information so it does not entail a central 
coherence component. This enables theory of mind abilities to be assessed without the 
confounding variables (Baron-Cohen, Jolliffe, Mortimore and Robertson, 1997). The task has 
good test-retest reliability (Hallerback, Lugnegard, Hjarthag and Gillberg, 2009). Furthermore 
performance on this task is reflective of other tasks also testing advanced theory of mind 








8.5.6.2. Pictorial emotional stroop task (Ashwin, Wheelwright and Baron-Cohen (2006) 
This is a computerised task, developed by Ashwin and colleagues (2006) and designed to 
measure involuntary attentional biases to social stimuli and angry faces. It is proposed that 
attentional bias is the result of facial stimuli being harder to interpret in comparison to non-social 
stimuli. Facial pictures for this task were taken from a standard set (Lundqvist et al. 1998, see 
appendix 1.17). The basic emotion depicted by each picture, (afraid, angry, sad, happy, 
surprise, disgust and neutral) were judged by a panel of 5 males and 5 female judges. This 
resulted in a selection of 6 male and 6 female pictures with angry or neutral expressions. For 
the non-social control stimuli a picture of a chair was downloaded from the internet. The same 
crop outline used for the faces were also used for the pictures of chairs.  All the pictures were 
tinted with one of four colours; red, blue, green or yellow. Throughout the main task the 
participant is presented with 48 neutral faces, 48 threat faces, both of which include an equal 
number of male and female faces and 48 pictures of chairs. The pictures from all 3 conditions 
are presented in a randomised order in 3 blocks of 48, with two rest periods in between. 
Therefore the participants are presented with a total of 144 trials. 
 
Before the main task the participant undergoes 8 practice trials to ensure that the instructions 
are understood and that their voice can be detected by the microphone. At the beginning of the 
task, participants are instructed to name the colour of the picture they see as quickly as 
possible. For the main task the participant is presented with each stimulus once, for a maximum 
of 4000ms. Response times are recorded using DMDX software (Forster and Forster, 2003). 
Trials where the participant does not respond are removed from the mean response time. Two 
outcome variables are derived using the response latency of the participants’ response, rather 
than the accuracy (see section 8.6.1).   
 
8.5.7 Procedure:  
Participants were interviewed by a trained researcher using the EATATE semi-structured 
interview (Anderluh et al 2003) (chapter 3, section 3.5.3). Demographics and self report 
measures were completed and obtained on the day of testing. Tasks were administered in the 
following order: Estroop (Ashwin et al 2006) and the RME (Baron Cohen et al 1997). The DERS 
(Gratz and Roemer, 2004; section 8.5.5.1), AMS (Jackson and Smillie, 2004; section 8.5.5.3) 
BIS/BAS (Carver and White, 1994; section 8.5.5.2) and DASS (Lovibond and Lovibond, 1995, 










8.6 Statistical methods 
 
8.6.1 Construction of attentional bias variables 
The social attentional bias variable is derived by subtracting the mean response time to colour 
name all the social stimuli, (which include the male and female, angry and neutral faces) from 
the mean response time to colour name all the non social stimuli (chairs). Positive numbers 
indicate social attentional bias and higher scores are indicative of stronger social attentional 
bias.  
 
The attentional bias to angry faces is derived by subtracting the mean response time to colour 
name male and female angry faces, from the mean response time to colour name neutral faces. 
Positive numbers indicate attentional bias to angry threat stimuli and higher numbers indicate a 
stronger attentional bias to angry faces.   
 
8.6.2 Statistical analysis 
The statistical procedures applied are those described in chapter 3 (section 3.15). 
 
 
8.6.3 Sample size and power  
The sample size in the present study was limited by the number of twins it was possible to 
recruit with the resources available. Due to the exploratory nature of this study a post hoc power 
analysis was conducted using GPower software. This indicated that the present sample would 
have 66%, 97%, 100% and 100% power for detecting group differences between probands and 
controls at the 0.05 level for the RME, Estroop social attentional bias, angry attentional bias and 
DERS measures respectively (based on Harrison et al 2009; Harrison et al 2010b; Harrison et 








8.7.1. Analysis of emotional processing traits as associated with eating disorders and as familial 
traits 
 
i) ED twins vs. control twins 
For emotion recognition measured by the RME task, probands had less accuracy in comparison 
to controls with a small effect size (d=-0.1) at trend level (Table 8.1). This impairment was more 
pronounced in AN probands at trend level (small sized effect; d=0.3) in comparison to BD 
probands where there was no difference in comparison to control twins (d=0) (Table 8.1). A 
descriptive comparison showed that those who were currently underweight (n=6, raw 
mean=74.79, s.d=10.36) were no different (d=0.01) to those who were weight recovered (n=45, 
raw mean =75.43, s.d =10.51) in emotion recognition measured by the RME. 
 
For attentional bias measured by the Estroop, probands had a greater social attentional bias 
(d=0.2) at trend level and a significantly greater angry threat attentional bias (d=0.5) in 
comparison to control twins. AN and BD probands had the same level of social attentional 
biases (d=0.2). However the attentional bias to anger was more pronounced in BD probands 
(d=0.7) than AN probands (d=0.3) (Table 8.2 and 8.3). 
 
A descriptive comparison showed that those who were currently underweight (n=6, raw 
mean=1896.08, s.d=135.41) had a greater social attentional bias in comparison to those who 
were weight recovered (n=45, raw mean =13.97, s.d =67.69) with a huge effect size (d=24.82). 
Furthermore those who were currently underweight (n=6, raw mean=-14.65, s.d=21.71) had 
less angry attentional bias in comparison to those who were weight recovered (n=45, raw mean 
=2020.53, s.d =357.0) with a large effect size (d=6.14).   
 
For the DERS, ED probands had a significantly higher score in comparison to control twins with 
a very large effect size (d=1.1) and BD (d=1.2) and AN (d=1.2) probands had similar levels of 
difficulties (Table 8.4). 
  
ii) Non-ED cotwin vs. control twins 
For emotion recognition measured by the RME task, non-ED cotwins had less accurate scores 
in comparison to control twins with a small effect size (d=-0.1) at trend level (Table 8.1). 
 
For attentional bias to social stimuli measured by the Estroop, non-ED cotwins did not differ 
from control twins (d=0.0). In the condition assessing attentional bias to angry stimuli there was 






8.3). There appeared to be opposite effects between diagnoses, in that non-BD cotwins had a 
greater attentional bias to angry stimuli in comparison to controls (d=0.6), whereas non-AN 
cotwins had a greater attentional bias to neutral stimuli (d=-0.9) (Table 8.3).   
 
For the DERS, non-ED cotwins overall had a significantly higher score in comparison to controls 
with a medium effect size (d=0.6). Specifically non-AN cotwins (d=0.8) had a significantly higher 
score in comparison to controls whereas non-BD cotwins (d=0.3) only differed from controls at 






Table 8.1: Analysis of Emotion Recognition Measured by the RME as Associated Eating Disorders and as a Familial Trait 
 
Analysis of the RME for ‘Overall Groups’: Probands, Non-ED cotwins and Controls 
RME (Raw Scores) Group comparisons, Mean difference (95% C.I) p value1   
 
Cohen’s 





correct1   
75.4 (10.4) 74.5 (8.2) 
 




Proband < Control twins , -1.24 (5.31-2.82) p=0.55  
Non-ED cotwin < Control twins, -1.03 (-5.68-3.62) p=0.67 
Probands = Non-ED cotwins,-0.22 (-4.68-4.24) p=0.92  
 
Analysis of the RME for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 



































AN < Control twins, -2.93 (-7.72-1.86) p=0.23  
BD = Control twins, 0.05 (-4.71-4.81) p= 0.98 
Non-AN Cotwin < Control twins, -1.14 (-7.03- 4.74) p=0.70  
Non-BD Cotwin < Control twins, -2.47 (-7.74-2.80) p= 0.36 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge-purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS-BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
Descriptive statistics presented are raw means and standard deviation (1 d.p)  













Table 8.2: Analysis of the Estroop Social Attentional Bias as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of the Social Attentional Bias for Overall Groups’: Probands, Non-ED cotwins and Controls  
Estroop social attentional bias (Raw Scores) Group comparisons, Mean difference (95% C.I) p value1   
 
Cohen’s d 






bias1   




Proband > Control twins,  48.03 (-79.98-176.04) p=0.46  
Non-ED cotwin < Control twins  -10.67 (-141.63-120.30) p=0.8  
Probands = Non-ED cotwins -58.70 (-75.95-193.35) p=0.39               
 
Analysis of Social Attentional bias for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 




































AN > Control twins, 52.56 (-100.49-205.60) p=0.50  
BD > Control twins, 88.66 (-54.67-231.98) p= 0.23 
Non-AN Cotwin > Control twins, 24.75 (-172.41-122.90) p=0.74  
Non-BD Cotwin = Control twins, 11.29 (-216.03-238.62) p= 0.92 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis 
Proband: Monozygotic probands, dizygotic probands 
Non ED Cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge-purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS-BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non bulimic disorder cotwins 
Descriptive statistics presented are raw means and standard deviation (1 d.p)  














Table 8.3: Analysis of the Estroop Angry Attentional Bias as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of the Angry Attentional Bias for ‘Overall Groups’: Probands, Non-ED Cotwins and Controls 
Estroop angry attentional bias (Raw Scores) Group comparisons, Mean difference (95% C.I) p value   
 
Cohen’s 






bias1   
10.5 (64.4) -32.4 (79.0) -14.6 (55.5) 
 




Proband > Control twins, 27.59 (2.00-53.17) p=0.04    
Non-ED cotwin < Control twins, -18.99 (-56.96-18.97) p=0.33 
Probands > Non-ED cotwins, 46.58 (6.1-86.66) p=0.02 
 
Analysis of the Angry Attentional Bias for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 





































AN > Control twins, 16.71 (8.13-41.54) p=0.19  
BD > Control twins, 41.54 (5.66-77.42) p= 0.02 
Non-AN Cotwin < Control twins, -54.99 (-98.35-11.65) p=0.01  
Non-BD Cotwin > Control twins, 29.74 (-7.75-65.23) p= 0.12 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non ED Cotwin: Monozygotic and dizygotic non eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non bulimic disorder cotwins 
Descriptive statistics presented are raw means and standard deviation (1 d.p)  














Table 8.4: Analysis of DERS as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of the DERS for ‘Overall Groups’: Probands, Non-ED Cotwins and Controls 
DERS total score (Raw Scores) Group comparisons, Mean difference (95% C.I) p value   
 
Cohen’s 












Chi Wald Square=23.49, df=2, p=0.00   
(d=1.1) 
(d=0.6) 
Proband > Control twins , 26.58 (15.78-37.38) p=0.00  
Non ED cotwin > Control twins, 11.81 (-0.79-24.42) p=0.04 
 






































AN > Control twins, 26.44 (13.72-39.17) p=0.00  
BD > Control twins, 26.96 (13.59-40.33) p= 0.00 
Non-AN Cotwin > Control twins, 15.58 (1.02-30.14) p=0.04  
Non-BD Cotwin > Control twins, 5.08 (-16.13-26.29) p= 0.64 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED Cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge-purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS-BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
Descriptive statistics presented are raw means and standard deviation (1 d.p)  








8.7.2. Relationship of emotional processing to clinical features 
 
a) Emotion recognition 
There were no significant associations between clinical features and emotion recognition in any 
of the groups.  
 
b) Social and angry attentional bias 
For probands, greater social attentional bias (measured by the Estroop) was positively 
associated with the duration of bingeing (r=0.36, p=0.01) and a greater social attentional bias 
(measured by the Estroop) was associated with lower levels of BAS reward responsiveness (r=-
0.34, p=0.01). Social attentional bias was not significantly associated with any features in non-
ED cotwins or control twins.  
 
c) DERS 
In probands, the DERS was positively related to the BIS with a medium sized association 
(r=0.61, p=0.00). In control twins, the DERS was positively associated with the AMS total score 

































































Diagram 8.1: Emotion Recognition in MZ and DZ Twins  
   
8.1a: Emotion Recognition in MZ Twin Pairs                                                                                   8.1b: Emotion Recognition in DZ Twin Pairs                                                                                           
 
            
 
Y axis: RME % correct (raw score) 
X axis: Twin pair (Twin pairs 1 to 14 are concordant for ED diagnosis. Twin pairs 15 to 25  
are discordant with twin 2 indicating the proband) 
1 S.D below control mean - 1 standard deviation below control twin mean 
 
 
8.7.3.1. Summary of emotion recognition as heritable 
A visual inspection of diagrams 8.1a and 8.b suggests that monozygotic twins demonstrate greater within pair similarity than dizygotic twins. Although within 
pair correlations for dizygotic twins did not reach significance, monozygotic within pair correlations [r=0.47 (CI: 0.1-0.74) p=0.01] were more than double that 



































1 S.D below control mean
Y axis: RME % correct (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for ED diagnosis. Twin 
pairs 3 to 10 are discordant with twin 2 indicating the proband) 









Diagram 8.2: Social Attentional Bias in MZ and DZ Twins 
  























































1 S.D above control mean
Y axis: Estroop social attentional bias (milliseconds) (raw score) 
X axis: Twin pair (Twin pairs 1 to 13 are concordant for ED diagnosis. Twin pairs 14 to 24 
are discordant with twin 2 indicating the proband) 
1 S.D above control mean- 1 standard deviation above control twin mean 
 
 
Y axis: Estroop social attentional bias (milliseconds) (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for ED diagnosis. Twin pairs 2 to 
10 are discordant with twin 2 indicating the proband) 








Diagram 8.3: Angry Attentional Bias in MZ and DZ Twins 
 
















































1 S.D above control mean
Y axis: Estroop angry attentional bias (milliseconds) (raw score) 
X axis: Twin pair (Twin pairs 1 to 13 are concordant for ED diagnosis. Twin pairs 14 to 24 
are discordant with twin 2 indicating the proband) 
1 S.D above control mean- 1 standard deviation above control twin mean 
 
 
Y axis: Estroop angry attentional bias (milliseconds) (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for ED diagnosis. Twin pairs 2 
to 10 are discordant with twin 2 indicating the proband) 







8.7.3.2 Summary of emotion attentional bias as heritable traits 
A visual inspection of diagrams 8.2a and 8.2b suggests that most monozygotic twins are 
relatively concordant in comparison to dizygotic twins for social attentional bias measured by 
the Estroop. It may be suggested that with monozygotic within pair correlations [r=0.48 (CI: 
0.11-0.74; p=0.01)] being more than double that for dizygotic twins [r=0.21, (CI: -0.45-0.72) 
p=0.03], this trait is substantially heritable.   
 
A visual inspection of diagrams 8.3a and 8.3b indicates wide variation in angry attentional bias 
across the twins and within pairs. Nevertheless MZ twins [r=0.25 (CI: -0.16-0.59) p=0.11] had 
marginally greater within pair similarity than DZ twins [r=0.06 (CI: -0.56-0.64) p=0.43].  
 
8.7.3.3 Summary of the DERS as heritable traits 
The monozygotic within pair correlation [r=0.30 (CI: -0.11-0.62) p=0.08] for the DERS was not 
higher than the dizygotic within pair correlation [r=0.67 (CI: 0.01-0.93) p=0.02] suggesting a 





























8.8 Discussion  
 
The aim of this study was to explore aspects of emotion processing [Emotion recognition 
measured by the RME task (Baron-Cohen et al 2001), attentional biases to social and threat 
stimuli measured by the Estroop (Ashwin et al 2001) and difficulties in emotion regulation 
measured by the DERS (Gratz and Roemer 2003)] as endophenotypes using a genetically 
sensitive design (a twin study). The participants varied in terms of age, diagnosis, symptoms, 
and stage of the illness. The first criteria, for the endophenotypes to be associated with the 
illness were met for all the measures at a minimum trend level. Two of these traits; angry 
attentional bias (measured by the Estroop) and difficulties in emotion regulation (measured by 
the DERS) were found in the unaffected cotwins at a minimum trend level, suggesting that they 
co-segregate within families. Lastly, emotion recognition and social attentional biases appeared 
to have substantial heritability. 
 
In the present sample, AN probands demonstrated greater difficulties in emotion recognition 
measured by the RME, with a small effect size (d=-0.3). The size of the effect in the meta-
analysis conducted by Oldershaw and colleagues (2010) was medium; d=-0.51 (95% CI -0.73 to 
-0.28). Therefore, the effect size found in the present study lies within the range found in the 
meta-analysis. This trait was more marked in AN versus BD probands, which fits with previous 
literature (Harrison et al 2010b). There was a trend for difficulties in emotion recognition in non-
AN cotwins with a small effect size. Moreover within pair correlations for monozygotic twins 
were more than double that of dizygotic twins, suggesting that there might be genetic variance 
in this trait. Supporting this, the literature in other conditions such as autistic spectrum disorder 
and schizophrenia (Losh and Piven 2007; Baron Cohen et al 1997; de Achaval et al 2009; 
Ibanez et al 2010) also suggest that this is a familial trait.  
 
The attentional bias to angry faces in ED probands was with a medium effect size. Probands 
with BD had a greater attentional bias to angry threat stimuli in comparison to AN probands 
(BD: d=0.7 and AN: d=0.3).  Interestingly Harrison and colleagues (2009; 2010b) found greater 
social attentional biases in BN (d=0.82) in comparison to AN (d=0.61), although no differences 
in angry threat attentional biases. Unaffected twin siblings of those with BD also had an 
attentional bias to angry threat stimuli at trend level suggesting that this may be a familial trait. 
There was support for the heritability of social attentional bias, since within pair correlations for 
monozygotic twins were more than double that for dizygotic twins. Similar to the findings in 
control samples, it may be that genetic variations in serotonin function underpin these 
anomalies, although molecular genetic studies in people with eating disorders would be needed 







Our relatively recovered sample may account for the smaller effect sizes in comparison to 
previous research (Harrison et al 2010c). Previously studies have found social and angry threat 
attentional biases to persist in those recovered from AN in an attenuated form (Harrison et al 
2010c).  
 
Lastly, difficulties in emotion regulation (measured by the DERS) were associated with the 
illness and present in the unaffected twin siblings suggesting that this may be a familial risk trait. 
To our knowledge the familial risk of these traits in EDs has not yet been investigated. 
Furthermore a review paper has concluded that research investigating the genetic contributions 
of emotion regulation is sparse (Canli, Ferri and Duman, 2009). Nevertheless, molecular genetic 
studies in representative samples have lent support to the intrinsic role of the serotonin and 
dopamine systems in modulating emotion (Bertolino et al 2005; van Strien, 2002; van Strien, 
Frijters, Bergers, & Defares, 1986).  
 
Difficulties in emotion regulation (measured by the DERS) were positively associated with 
increased levels of behavioural inhibition (measured by the BIS/BAS). Furthermore attentional 
bias to social stimuli was positively associated with the duration of bingeing. This supports the 
suggestion that emotional processing difficulties and increased sensitivity to threat in 
interpersonal situations may trigger the use of externalising strategies such as binge eating and 
general impulsive behaviours to regulate emotion (Aldao, Nolen-Hoeksema and Schweizer, 
2010; Hartmann et al 2009). 
 
8.8.1. Limitations 
Our study has strengths of the twin design, which has been used to parse out the genetic and 
environmental factors that contribute to emotional processing. However, the study is 
constrained by low power and a heterogeneous diagnostic case mix at various stages of the 
illness and recovery. Another limitation is that there was insufficient resource to systematically 
review environmental experiences. Furthermore, we chose not to adjust for depression in our 
clinical sample as this is a common comorbidity of ED.  
 
8.9. Conclusions 
The findings from this study were limited for the reasons discussed above and most importantly 
due to the limited sample size. The findings suggest that emotional processing abnormalities 
vary across the diagnostic spectrum with difficulties in emotion recognition elevated in AN and 
angry threat attentional bias being greater in BD. There was evidence to support a familial or 
genetic basis to some elements of emotional processing. With this in mind future studies with 
larger samples and those adopting longitudinal designs should be conducted to explore whether 






symptoms and the genes that confer risk. Such investigations may have potential implications 
































9. Chapter 9: Reward Sensitivity as an Endophenotype of Eating 
Disorders: a Preliminary Investigation in Twins 
 
 
9.1 Introduction to the chapter 
The present study builds on chapter 6, which concluded that impulsive behaviours are a familial 
trait in eating disorders. One hypothesis is that impulsive behaviours arise from an altered 
sensitivity to reward.  
 
This chapter describes an experimental assessment of altered reward sensitivity in twins with 
eating disorders in an effort to gain evidence of their potential endophenotype status in terms of 
their familial and genetic risk as outlined by Gottesman and Gould (2003). 
 
9.2 Background and development of the study 
Sensitivity to reward varies significantly between individuals. Individuals high in reward 
sensitivity may experience more intense food cravings and be more likely to be overweight or 
develop eating disorders that involve binge eating (Beaver et al, 2006). Research into normal 
samples has found reward sensitivity; motivation related to behaviours and affect, which is 
measured by the Behavioural Inhibition System and Behavioural Activation System Scales 
(Carver and White, 1994) to be positively correlated with activation in the fronto-striatal 
amygdala-midbrain network in response to images of appetising foods such as chocolate and 
pizza (Beaver, et al. 2006). The fronto-striatal amygdala-midbrain network has been previously 
implicated as having a role in drug reward (Kelley and Berridge, 2002). The amygdala which is 
involved in emotional processing has been implicated in responses to monetary reward 
(Bechara et al 1999; Elliot et al 2003). 
 
Eating disorders that involve binge eating often exhibit behaviours that are reminiscent of 
addiction and altered reward sensitivity. Disorders involving binge eating (i.e. bulimia nervosa 
and binge eating disorders) are characterised by a conditioned behavioural cycle that involves 
periods of extreme food restriction followed by binge eating highly dense calorific palatable 
foods (Alpers & Tuschen-Caffier, 2004) and purging.  Animal models have shown that this 
behavioural cycle creates biological changes that encourage addictive behaviours (Rada et al  
2005; Avena et al  2005; Boggiano et al 2007;  Boggiano et al  2005; Avena & Hoebel  2003; 
Corwin 2006; Corwin & Hajnal 2005). Research in rats has shown specifically that it is the 
consumption of highly dense calorific palatable foods that have the greatest Pavlovian 
conditioning effects in comparison to low density calorific foods (Sansa et al 2009). In humans 






(i.e. leptin and ghrelin) that are known to be involved in mediating appetite. These changes 
encourage the maintenance of eating disorder symptoms (i.e. physical hyperactivity in AN or the 
maintenance of binge eating in BN) (Monteleone, Castaldo and Maj, 2008).   
 
Self report measures of sensitivity to reward such as the behavioural inhibition and activation 
scales (Carver and White, 1994) have demonstrated differences within the eating disorder 
spectrum, in that restrictive types have been found to be the least sensitive to reward and 
associated with higher levels of behavioural inhibition and bulimic types have been found to be 
the most sensitive to reward with higher levels of behavioural activation (Harrison et al 2010d; 
Bijttebier et al 2009). Experimental tasks that measure sensitivity to monetary reward such as 
the Game of Dice task (Brand et al 2005a) have also confirmed that bulimic individuals show 
more risky decision making in comparison to restrictive eating disorder types (anorexia nervosa 
and anorexia binge purge) and healthy controls (Brand et al 2007; Harrison, Macare, Cardi, 
Kanakam and Treasure unpublished data). People with eating disorders  (AN, BN and BED) 
also have poor performance on the Iowa Gambling task (Bechara et al 1993; Brogan, Hevey 
and Pignatti, 2010; Cavedini et al 2006; Cavedini et al 2004; Tchanturia et al 2007;  Boeka and 
Lokken 2005; Liao et al 2009; Davis et al 2010).   
 
A study of people recovered from anorexia nervosa (Tchanturia et al 2007) have shown 
performance on the Iowa Gambling task (Bechara et al 1993) to be normal, suggesting that 
altered reward sensitivity may be related to the acute state. However, there exists substantial 
evidence to indicate that reward sensitivity also has a genetic component that exists beyond the 
acute state. Studies of normal twin samples indicate that behavioural inhibition and activation 
are genetically influenced traits (Takahashi, et al 2007). There is additional evidence from 
molecular genetic studies to suggest that these traits have a biological basis rooted in the 
COMT and DRD2 Taq1A polymorphisms which influence activity of the dopamine system 
(Reuter et al. 2006). In clinical AN samples, reward sensitivity has been found to be a familial 
risk factor (Wade et al 2008; Karwautz et al 2002) and conditions that are associated with 
dysregulated reward systems such as alcohol and substance use disorders have been found to 
co-segregate within family members of women with bulimia nervosa (Bulik, 1991; Kaye et al. 
1996). 
 
At present, the current evidence base is limited and it remains unclear as to whether altered 
reward sensitivity and anomalies in the associated biological processes (i.e. substances that 
regulate appetite such as leptin and ghrelin; Monteleone, Castaldo and Maj, 2008) precede the 
onset of eating disorders or are a consequence of the nutritional changes that occur during the 
acute state (Monteleone et al 2008). The focus of the present study was to investigate the 






Dice Task (Brand et al 2007) and self-report measures [BIS/BAS, Carver and White, 1994; 
appetitive motivation scale (AMS), Jackson and Smillie, 2004] in twins with eating disorders. 
 
9.3 Aims 
The aim of this study was to explore whether altered reward sensitivity might be considered as 
an endophenotype of eating disorders using a genetically sensitive design (a twin study). Three 
endophenotype criteria outlined by Gottesman & Gould (2003) were investigated. The precise 
aims were as follows: a) to assess the association between altered reward sensitivity and the 
illness by comparing eating disorder twins with controls; b) to assess co-segregation within 
families by comparing risky decision making, the BIS/BAS and AMS in non-eating disorder co-
twins with controls; c) to examine altered reward sensitivity in relation to clinical features of the 
disorder in probands; d) to examine heritability by comparing within pair similarity in MZ twins 
against DZ twins. 
 
9.4 Hypotheses  
The main hypothesis was that people with eating disorders would demonstrate altered reward 
sensitivity with differences found across the eating disorder spectrum. Investigations into their 
twin siblings would indicate that these are familial and genetic risks factors.  
 
In relation to the first aim, it was hypothesised that people with bulimic eating disorders would 
show greater risky decision on the game of dice in comparison to controls and the restricted 
eating disorder group. It was also predicted that people with anorexia nervosa would report 
higher levels of behavioural inhibition in comparison to bulimic disorders and control twins. 
Furthermore, people with bulimic disorders would report higher levels of behavioural activation 
in comparison to anorexia nervosa and controls.  
 
In relation to the second objective, it was anticipated that non-eating disorder cotwins would 
show similar levels of risky decision making and behavioural inhibition and activation to their 
probands. Therefore, non-AN cotwins would show less risky decision making and higher levels 
of behavioural inhibition in comparison to control twins and non-BD cotwins. Furthermore, non-
BD cotwins would show greater risky decision making and higher levels of behavioural 
activation in comparison to control twins and non-AN cotwins. 
 
Finally, it was expected that altered reward sensitivity would be more similar within monozygotic 











9.5.1 Study design 
This study employed a familial (section 3.15.5) and twin design (3.15.6) as described in detail in 
chapter 3.  
 
9.5.2. Participants 
Participants were the clinical and control twin groups described in chapter 3 (3.10). From this 
sample one concordant monozygotic twin pair was excluded since they were unable to take part 
in the present study. Therefore, the present sample included 25 monozygotic twin pairs and 10 
dizygotic twin pairs where at least one had an eating disorder history as defined by the DSM-IV 
(4th  edition, APA, 2000). The control group included a total of 42 twins (17 monozygotic twin 




9.6.1 Clinical assessment  
The EATATE semi structured interview was administered to all probands and non-ED cotwins to 
determine current and lifetime eating disorder pathology and lifetime impulsive behaviours 
(Anderluh et al, 2003) (as described in chapter 3, section 3.5.3). 
 
All participants also completed the BIS/BAS (behavioural inhibition system and behavioural 
activation system scales: Carver and White, 1994; described in chapter 8, section 8.5.5.2) as an 
indication of punishment sensitivity and behavioural approach respectively, the AMS (the 
appetitive motivation scale: Jackson and Smillie, 2004; described in chapter 8, section 8.5.5.3) 
as an indication of reward reactivity and the National Adult Reading Test (Nelson and Willison 
1991) as an indication of premorbid IQ (described in chapter 3, section 3.4.3). 
 
9.6.2. Behavioural assessment of altered reward sensitivity 
 
9.6.2.1 Game of Dice Task (GDT; Brand, Fujiwara, Borsutzky, Kalbe, Kessler and Markowitsch 
2005a)  
The Game of Dice Task is a computerised task that is used to measure decision-making under 
conditions of reward and punishment. Participants are required to gamble virtual money on the 
result of the roll of a die (see Appendix 1.18). At the beginning participants are given explicit 
instructions that their goal is to win as much money as possible. They are also told of the 
possible consequences of each choice and that there is no time limit. The participant begins 






range from one number to a combination of two, three, or four numbers. The consequences of 
selecting risky choices (1 and 2 numbers) result in a $1000 or $500 loss or gain. The 
consequences of selecting safe choices (3 and 4 numbers) result in a $200 or $100 loss or 
gain. These consequences are made explicit to the participant at the beginning of the task.  
 
After each choice the virtual die is rolled. If the number rolled matches a selected number or a 
number in their selected combination the participant will gain money. Gains are signalled by a 
cash machine sound and an increase in the sum of money, whereas losses are signalled by a 
negative noise and a decrease in the sum of money. Participants can continue to gamble even 
when the sum of money available is negative. The monetary balance is displayed to the 
participant throughout the task. The outcome variable was the number of risky choices with a 
higher score indicating a more risky, less safe strategy. The task is described as having good 
convergent validity in that it has previously shown risky decision making in patients with opiate 
dependence (Brand, Roth-Bauer, Driessen and Markowitsch, 2008), pathological gambling 
(Brand, Kalbe, Labudda, Fujiwara, Kessler and Markowitsch, 2004), ADHD (Dreschler, Rizzo 
and Steinhausen, 2008), binge eating disorder (Svaldi, Brand and Tuschen-Caffier, 2010) and 
bulimia nervosa (Brand, Frankie-Sivert, Jacoby, Markowitsch and Tuschen-Caffier, 2007). 
 
9.6.2.2 Justification of reward sensitivity measure selection 
 ‘The Game of Dice Task’ (Brand et al, 2005a) is a measure of reward sensitivity that was 
chosen on the basis of a pilot study as well as previous research (Brand, Frankie-Sivert, 
Jacoby, Markowitsch and Tuschen-Caffier, 2007). The pilot study (Harrison et al, unpublished 
data) assessed a total of 96 participants which included 57 people in the clinical group with AN, 
AN-BP or BN and 39 control participants. The participants were tested on four tasks to assess 
reward sensitivity and impulsivity. Three of these were from the Laboratory Behavioural 
Measures of Impulsivity software package (Dougherty, Mathias, Marsh and Jagar, 2005); 1) 
TCIP (the two choice impulsivity paradigm) and 2) SKIP (the single key impulsivity paradigm) 
which are reward-directed programs that assess an individual’s ability to delay responding to a 
reward and 3) TIME (the time paradigm) that assesses an individual’s ability to estimate the 
passage of time. The tasks assess processes involved in the ability to tolerate a delayed 
reward, inhibit a previously initiated response and estimate time. These processes are important 
in understanding impulsive behaviours (Dougherty, Mathias, Marsh and Jagar, 2005).  
 
In addition, the pilot study (Harrison et al, unpublished data) included ‘the Game of Dice Task’ 
(Brand et al, 2005a).  The results showed that ‘the Game of Dice Task’ (Brand et al, 2005a) was 
the most sensitive measure since the largest differences on outcome scores were found 
between clinical and control groups. In addition the task detected differences in risky decision 






Previously, research has also indicated that this task detects differences in risky decision 
making in eating disorders that range from ANR, BN, to BED (Harrison et al unpublished data; 
Brand et al 2007; Svaldi, Brand and Tuschen-Caffier 2009). These studies found the highest 
levels of risky decision making in bulimic disorders (BN and BED). Brand and colleagues (2007) 
found that this measure was correlated with executive dysfunction indicating that poor 
performance is related to altered reward sensitivity as well as executive functioning 
abnormalities. ‘The Game of Dice Task’ is also cost free (available from the author upon 
request) and takes approximately 8 minutes to administer, making it a practical addition to the 
protocol.  
 
9.7. Statistical methods 
 
9.7.1. Construction of game of dice variable  
The outcome variable was the game of dice risky choices. A higher score indicates riskier 
decision making.  
 
9.7.2 Construction of the behavioural activation composite variable  
The three behavioural activation subscales - reward, fun seeking and drive were averaged to 
form an overall behavioural activation composite score. The behavioural inhibition scale was 
analysed as a total score of its individual items. 
 
9.7.3 Data analysis 
The statistical procedures are those described in chapter 3 (section 3.15). 
 
Previous research from our unit used the Game of Dice ‘net score’ (safe choices minus risky 
choices) as the outcome variable. In the present study this outcome variable was not normally 
distributed. Applying a logarithm transformation to this variable was unsuitable since this 
outcome measure can be a negative number. Therefore, the game of dice ‘risky choices’ was 
chosen as an outcome measure for which a logarithm transformation was applied. This 
outcome measure was used in all of the analysis within the present study. 
 
9.7.4 Sample size and power  
A post hoc-power analysis was conducted using GPower software due to the exploratory nature 
of the study. This indicated that the present sample would have 47% and 14% power for 
detecting group differences between BD probands and AN probands and controls at the 0.05 
level for the Game of Dice respectively (based on Harrison et al unpublished data). In addition 






for the BAS reward and 16% power for the BAS drive in detecting group differences between 




9.8.1. Demographic features of clinical and control twins 
 







9.8.2. Analysis of the game of dice risky decision making as associated with eating 
disorders and as a familial trait 
 
Table 9.1 represents the results from the Game of Dice Task.  
 
i)  Eating disorder twins vs. control twins 
Overall eating disorder probands (d=0.0, p=0.52) did not differ from controls for the number of 
risky choices made. Specifically, AN probands (d=0.0, p=0.79) did not differ from controls 
however BD probands (d=0.3, p=0.54) had a higher number of risky choices at trend level with 
a small effect size (d=0.3). Those who were currently underweight (n=6, raw mean=5.33, 
s.d=3.98) had a lower number of risky choices than those who were weight recovered (n=45, 
raw mean =6.76, s.d =5.06) with a small effect size (d=0.3).   
 
ii) Non-eating disorder cotwins vs. control twins 
Overall non-eating disorder cotwins (d=0.0, p=0.81) did not differ from controls for the number 
of risky choices made. Non-AN cotwins (d=0.3, p=0.19) had a higher number of risky choices at 
a minimum trend level with a small effect size whereas non-BD cotwins had less risky choices 






















Table 9.1: Analysis of the Game of Dice Risky Choices as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of the Game of Dice for ‘Overall Groups’: Probands, Non-ED Cotwins and Controls 
Game of Dice (Raw Scores) Group comparisons, Mean difference (95% C.I) p value 
 
Cohen’s d 




Game of dice 
risky choices1   




Proband = Controls, 0.05 (-0.11-0.21) p=0.52    
Non ED cotwin = Controls, 0.02 (-0.16-0.21) p=0.81 
Probands = Non ED cotwins, 0.03 (-0.13-0.19) p=0.70  
 
Analysis of the Game of Dice for ‘Overall Groups’ Sub-Divided by Eating Disorder Diagnosis 















Game of dice 
risky choices1   










AN = Controls, -0.03 (-0.17-0.22) p=0.79  
BD > Controls, -0.05 (-0.12-0.23) p= 0.54 
Non-AN cotwin >. Controls, 0.13 (-0.06-0.32) p=0.19  
Non-BD cotwin < Controls, -0.22 (-0.49-0.04) p= 0.1 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
Controls twins: Monozygotic and dizygotic twins  
Descriptive statistics presented are raw means and standard deviation (1 d.p)  
1 Data analysis about the Game of Dice (risky choices) were analysed after a logarithm transformation and age included as a covariate. 
* = P<0.05 










9.8.3. Analysis of the AMS as associated with eating disorders and as a familial trait 
  
Table 9.2 represents the results from the AMS.  
 
i)  Eating disorder twins vs. control twins 
Overall eating disorder probands had a lower AMS score in comparison to controls at trend 
level with a medium effect size (d=0.4, p=0.06). Both AN probands (d=0.5, p=0.12) and BD 
probands (d=0.4, p=0.16) similarly had a lower AMS score in comparison to controls at trend 
level with a medium effect size.  Those who were currently underweight (n=6, raw mean=26.4, 
s.d=8.29) had a lower AMS score in comparison to those who were weight recovered (n=45, 
raw mean =30.50, s.d =9.25) with a medium effect size (d=0.46).   
 
ii) Non-eating disorder cotwins vs. control twins 
 
Overall non-eating disorder cotwins (d=0.08, p=0.82) did not differ from controls for their AMS 
score. Non-AN cotwins did not differ from controls for their AMS score (d=0.0, p=1.0) although 
































Table 9.2: Analysis of the AMS as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of the AMS for ‘Overall Groups’: Probands, Non-ED cotwins and Controls 




d  Probands (n=51) Non-ED cotwins (n=19) Control twins n=42) 
AMS total1 30.1 (6.7) 30.4 (8.1) 31.8 (4.4) Chi Wald Square=3.78, df=2, p=0.15  
(d=0.4) 
(d=0.08) 
Proband < Controls,  -2.20 (-4.47-0.07) p=0.06  
Non-ED cotwin < Controls, -0.45 (-4.32- 3.41) p=0.82 
 
Analysis of the AMS for ‘Overall Groups’ Sub-Divided by Eating disorder Diagnosis 





















AN < Controls -2.45 (-5.57-0.67) p=0.12 
BD < Controls -1.97 (-4.69- 0.75) p=0.16 
Non-AN cotwins = Controls -0.01 (-5.42-5.40) p=1.0 
Non-BD cotwins <Controls -1.06 (-6.89-4.78) p=0.7 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
Controls twins: Monozygotic and dizygotic twins  
Descriptive statistics presented are raw means and standard deviation (1 d.p)  
1 Data analysis about the AMS included age as a covariate 
**= P <0.01 






9.8.4. Analysis of the BIS/BAS as associated with eating disorders and as a familial trait 
 
Table 9.3 represents the results from the BIS/BAS.  
 
i)  Eating disorder twins vs. control twins 
Overall eating disorder probands had a significantly higher BIS score in comparison to controls 
with a medium effect size (d=0.53, p=0.01). Both AN probands (d=0.5, p=0.03) and BD 
probands (d=0.61, p=0.16) similarly had a higher BIS score in comparison to controls at trend 
level with a medium effect size.  Those who were currently underweight (n=6, raw mean=26.17, 
s.d=2.04) had a higher BIS score in comparison to those who were weight recovered (n=45, raw 
mean =22.20, s.d =3.41) with a large effect size (d=1.23).   
 
 
Eating disorder probands had a significantly lower BAS score in comparison to controls with a 
medium effect size (d=0.5, p=0.01). Both AN probands (d=0.6, p=0.03) and BD probands 
(d=0.6, p=0.05) had a significantly lower BAS score in comparison to controls.  Those who were 
currently underweight (n=6, raw mean=9.61, s.d=3.14) had a lower BAS score in comparison to 
those who were weight recovered (n=45, raw mean =12.55, s.d =2.30) with a large effect size 
(d=1.26).   
 
ii) Non-eating disorder cotwins vs. control twins 
Overall non-eating disorder cotwins had a higher BIS score in comparison to controls at trend 
level with a medium effect size (d=0.4, p=0.51). Non-AN cotwins did not differ from controls for 
their BIS score (d=0.13, p=0.76) although non-BD cotwins had a significantly higher BIS score 
in comparison to controls with a large effect size (d=1.2, p=0.0).   
 
Non-eating disorder cotwins had a lower BAS score in comparison to controls (d=0.4, p=0.19) at 
trend level. Non-AN cotwins (d=0.2, p=0.5) had a lower BAS score in comparison to controls at 
trend level with a small effect size whereas non-BD cotwins (d=0.9, p=0.05) had a significantly 


















Table 9.3: Analysis of the BIS/BAS as Associated with Eating Disorders and as a Familial Trait 
 
Analysis of BIS/BAS for ‘Overall Groups’: Probands, Non-ED cotwins and Controls 
BIS/BAS (Raw Scores) Group comparisons, Mean difference (95% C.I) p value Cohen’s d 
 Probands (n=51) Non-ED cotwins 
(n=19) 
Control twins (n=42) 
BIS1 22.7 (3.5) 22.2 (3.7) 21.0 (2.7) Chi Wald Square=6.09, df=2, p=0.05  
(d=0.53) 
(d=0.4) 
Proband > Controls, 1.66 (0.34-2.97) p=0.01    
Non ED cotwin > Controls, 1.14 (-0.67-2.94) p=0.51 
BAS1 12.2 (2.6) 12.2 (2.6) 13.3 (1.8) Chi Wald Square=6.7, df=2, p=0.04  
(d=-0.5) 
(d=-0.43) 
Proband < Controls, -1.12 (-2.14- -0.28) p=0.01    
Non ED cotwin < Controls, -0.87 (-2.18-0.43) p=0.19 
 
Analysis of the BIS/BAS for ‘overall groups’ Sub-Divided by Eating Disorder Diagnosis 




















AN > Controls 1.63 (0.17-3.09) p=0.03 
BD > Controls 1.62 (-0.29-3.53) p=0.1 
Non-AN cotwins = Controls 0.35 (-1.89-2.60) p=0.76 
Non-BD cotwins > Controls 3.15 (1.27-5.03) p=0.0 





AN < Controls -1.31 (-2.50- -0.11) p=0.03 
BD < Controls -1.05 (-2.13-0.02) p=0.05 
Non-AN cotwins < Controls -0.64 (-2.50-1.20) p=0.50 
Non-BD cotwins < Controls -1.50 (-2.13-0.02) p=0.05 
NB: monozygotic twin pair whose proband had a diagnosis of EDNOS inappropriate compensatory behaviours was excluded from this analysis.  
Proband: Monozygotic probands, dizygotic probands 
Non-ED cotwin: Monozygotic and dizygotic non-eating disorder cotwins  
AN: Anorexia nervosa (Anorexia binge purge type and EDNOS AN) 
BD: Bulimic disorders (BN, EDNOS BN and BED) 
Non-AN cotwin: Monozygotic and dizygotic non-anorexia nervosa cotwins 
Non-BD cotwin: Monozygotic and dizygotic non-bulimic disorder cotwins 
Controls twins: Monozygotic and dizygotic twins 
Descriptive statistics presented are raw means and standard deviation (1 d.p) 






9.8.5. Relationship between the game of dice, AMS, behavioural inhibition and activation 
and clinical features 
 
In probands, non-ED cotwins or controls the game of dice risky choices was not significantly 
associated with any eating disorder symptoms, lifetime impulsive behaviours or behavioural 
inhibition and activation scores.  
 
In eating disorder probands a higher BAS composite score was associated a lower duration of 
dieting, (r=-0.34, p=0.00) fasting (in months) (r=-0.31, p=0.00) and use of inappropriate 
compensatory behaviours (r=-0.30, p=0.00).  
 
9.8. 6. Relationship between the game of dice, AMS, behavioural inhibition and activation 
A higher AMS total score was associated with a higher BAS composite score in probands 


























































Diagram 9.1: Game of Dice Risky Choices in MZ and DZ Twins  
 











9.8. 7.1. Summary of game of dice risky decision making as a heritable trait 
An inspection of monozygotic twins in diagram 9.1a shows twin pairs concordant for eating disorders are relatively discordant in their game of dice 
performance in comparison to those who are discordant for eating disorders. For reward sensitivity measured by the Game of Dice task, the within pair 
correlation for monozygotic twins [r=0.20, (CI:-0.21 – 0.54), p=0.17] was only marginally greater than that for dizygotic twins [r=0.07 (CI: -0.65 – 56) p=0.58]. 

































































1 S.D below control mean
Y axis: Game of dice net score (raw score) 
X axis: Twin pair (Twin pairs 1 to 2 are concordant for ED diagnosis. Twin pairs 
2 to 10 are discordant with twin 2 indicating the proband) 





Y axis: Game of dice net score (raw score) 
X axis: Twin pair (Twin pairs 1 to 14 are concordant for ED diagnosis. Twin pairs 15 to 
24 are discordant with twin 2 indicating the proband) 






9.8.8. Analysis of behavioural inhibition and activation scale and AMS as heritable 
 
Table 9.4: Analysis of the BIS/BAS and AMS as Heritable Traits 
 Monozygotic twins Dizygotic twins 
BIS 0.29 (-0.13-0.62) p=0.08 0.52 (-0.16-0.87) p=0.06 
BAS 0.65 (0.33-0.83) p=0.00* -0.12 (-0.69-0.56) p=0.62 
AMS 0.65 (0.34 -0.84) p=0.00* -0.74 (-0.93- -0.20) p=0.99 
Intraclass correlation coefficients with confidence intervals in brackets  
BIS: Behavioural inhibition scale (Carver and White, 1994) 
BAS: Behavioural activation composite score (Carver and White, 1994) 


















































9.9. Discussion  
 
The aim of the present study was to investigate whether altered reward sensitivity was 
associated with eating disorders, a familial and heritable trait. The traits were investigated using 
three different measures; a computerised Game of Dice Task (Brand et al 2005a), the self-
report BIS/BAS (punishment sensitivity and behavioural approach; Carver and White, 1994) and 
the AMS (reward reactivity; Jackson and Smillie, 2004). Risky decision making measured by the 
Game of Dice Task was elevated in BD probands at trend level. However this was not predictive 
of specific clinical features in probands nor was it found in unaffected twin siblings or to be 
largely heritable. Similar to previous findings (Harrison et al 2010d; Bijttebier et al 2009), the 
behavioural inhibition and activation systems were found to be associated with eating disorders, 
and the findings suggested that they were also a familial and genetic risk. The evidence from 
this study indicates that each measure of reward sensitivity assesses different facets of its 
component, since each has different levels of genetic basis and are not necessarily correlated 
with each other. The Game of Dice task appears to have less diagnostic use in this relatively 
recovered sample, in comparison to the BIS/BAS which appears to measure stable features 
associated with lifetime eating disorders. 
 
9.9.1 Game of dice risky choices as endophenotypes of eating disorders  
In line with our hypothesis, risky decision making was found in bulimic disorders at trend level 
with a small effect size (d=0.3). In comparison to previous research which has found much 
larger effect sizes for risky decision making in BDs (bulimia nervosa and binge eating disorder) 
(Harrison et al unpublished data; Svaldi Brand and Tuschen-Caffier 2009; Brand et al 2007) the 
present study’s sample was more than two thirds (63%) in a recovered state. Previous research 
has shown disadvantageous decision making measured by the Iowa Gambling task (Bechara et 
al 1997) to return to normal in those recovered from AN (Tchanturia et al, 2007). In line with 
this, probands in the present study who were currently underweight made fewer risky choices in 
comparison to those with a normal BMI (small effect size). Although the particularly small 
sample size for this comparison is a limitation, this notable finding does require further 
discussion. Previous research has demonstrated that the acute state of eating disorders 
involves anomalies in the levels of neuroendocrine substances, which are involved in the 
modulation of food intake. These include adipokines leptin, adiponectin and resistin, the gut-
related peptides’ ghrelin and peptide YY (PYY), the neurotrophin brain-derived neurotrophic 
factor (BDNF) and endocannabinoid substances (Monteleone, Castaldo and Maj, 2008). These 
changes can moderate the symptoms of eating disorders and levels of reward sensitivity. For 
example, in the acute state of AN there is decreased levels of leptin (Grinspoon et al 1996) and 
increased levels of ghrelin (Otto et al 2001) which may mediate the maintenance of amenorrhea 






eating disorders, that involve episodes of binge-purge cycles with vomiting there may be 
hyposecretion of leptin (Monteleone et al 2002) and increased levels of ghrelin (Tanaka et al 
2003). These biological changes may further moderate the maintenance of binge eating 
behaviours in the acute state (Monetelone et al 2008).  Therefore it may be proposed that 
reward sensitivity assessed by the Game of Dice task (Brand et al 2008) is more sensitive to an 
underweight status or current eating pathology, especially eating behaviours involving fasting or 
purging which are known to produce biological changes (Rada et al 2005; Avena et al 2005; 
Boggiano et al 2007; Boggiano et al 2005; Avena & Hoebel  2003;  Corwin 2006; Corwin & 
Hajnal 2005). These post onset factors may account for the large differences in the game of 
dice performance within some monozygotic twin pairs. 
 
The following hypothesis which proposed altered reward sensitivity (measured by the Game of 
Dice task) to be a familial risk was not supported. Previous research has shown that 
adolescents with ADHD make significantly more risky choices on the Game of Dice task 
(Dreschler, Rizzo, and Steinhausen, 2008). The familial risk of Game of Dice task performance 
is yet to be investigated however other research has found intermediate performance in 
unaffected siblings of those with ADHD on another task measuring aspects of impulsivity and 
altered reward sensitivity: the Go/Nogo-Task (Uebel et al 2010). This suggests that traits 
measured by the Go/Nogo-Task such as the ability to inhibit a previous response and related 
processes such as motivation and sustained attention are familial traits (Uebel et al 2010). To 
explain the discrepancy in this being a familial trait in ADHD (Uebel et al 2010) but not in eating 
disorders it should be acknowledged that a number of processes are thought to underlie 
impulsive behaviour, including behavioural inhibition, attention, working memory, emotion and 
the value of reinforcement over time (Acre and Santisteban, 2006). There may subtle be 
differences between the Go/Nogo-Task and Game of Dice task in the processes required for 
performance. The Go/Nogo-Task measures the ability to inhibit a previously initiated response 
whereas the Game of Dice task measures decision making under conditions of reward and 
punishment (Brand et al 2008). 
 
In respect of the last hypothesis, performance on the game of dice task showed a trend towards 
heritability with monozygotic twins being more similar in performance in comparison to dizygotic 
twins. Although it is noted that neither of these within pair correlations reached statistical 
significance. 
 
9.9.2 Behavioural inhibition and activation system as endophenotypes of eating disorders 
The hypothesis which proposed significant differences in behavioural inhibition and activation 
between AN and BD probands was not confirmed.  However, behavioural inhibition was more 






composite score, a higher score was positively associated with a lower duration of fasting, 
dieting and use of inappropriate compensatory behaviours. This may lend support to the 
increased use of dimensional behaviours such as the duration of individual clinical symptoms 
(as opposed to using diagnostic categories which are based on attaining a minimum count) to 
assess clinical severity (Mazzeo et al 2009).  
 
The present study found the AMS, behavioural inhibition and activation to be heritable and 
familial traits in a clinical sample of twins with eating disorders. In normal samples genetic 
factors appear to account for approximately one third of the variance in the BIS (34%) and BAS 
traits (35%) (Japanese sample, aged: 25.5 yrs). In this longitudinal study (3 years) genetic 
factors were stable over time, however environmental factors (i.e. negative life events, peer 
group experiences and social support) were found to contribute to individual differences in the 
change of these traits over time. It was proposed that the quality of environment is dynamic and 
varies between individuals (Takahashi, et al 2007).  Molecular genetic studies have also 
supported the biological basis to the BIS/BAS systems. The interaction of two polymorphisms; 
COMT and DRD2 Taq1A (which are known to influence activity of the dopamine system) 
significantly predicts differences in the total BAS scale. Specifically it is the disequilibrium 
between the catabolic enzyme activity of COMT and D2 catabolic receptor density that is 
associated with a higher dopamine activity and higher BAS scores (Reuter et al. 2006). Reuter 
et al (2006) suggested that this gene-gene interaction may explain differences in heritability 
estimates.  
 
Taken together the findings of behavioural inhibition and activation being associated with ED 
symptoms in the clinical group and these being familial and heritable traits, it may be proposed 
that the dysregulation of these brain systems are endophenotypes that have specific 
significance for the development of eating disorders. 
 
9.10. Conclusions 
The present study set out to explore whether aspects of altered reward sensitivity that is 
associated with eating disorders could be considered as endophenotypes by exploring whether 
it was associated with the illness and a familial and heritable trait. Preliminary evidence was 
found to support behavioural inhibition and activation being endophenotypes of eating 
disorders. Conversely, in this largely recovered sample, there was less evidence to support 









10. Chapter 10: General Discussion 
 
10.1 Introduction to the chapter 
This chapter discusses the findings of this thesis. The overall objective of this research was to 
understand whether anomalies in cognitive, emotional and behavioural functioning in people 
with eating disorders could be genetically determined traits that increase the risk of developing 
the illness.  
 
At present, eating disorders are diagnosed and treated on the basis of their visible symptoms. 
The wide heterogeneity within each diagnostic category and frequent fluctuation in symptoms 
over time can make this diagnostic process difficult (Treasure, Claudino and Zucker, 2010; 
Eddy et al 2008; Mazzeo et al 2009) (see chapter 1, section 1.8 for further details). In response, 
proposals have been put forward for the forthcoming DSM-V which is due in 2013. These 
include more lenient criteria for being classed as underweight in AN and a lower frequency of 
binge eating (once a week) that reaches clinical significance (see chapter 1, section 1.9). The 
transdiagnostic conceptualisation of EDs (the grouping of all EDs into one category) is a more 
radical proposal (Fairburn et al 2003). This is suggested on the premise that core symptoms 
such as an over evaluation of weight and shape are present in all ED’s (Fairburn, Cooper and 
Shafran, 2003; see chapter 1, section 1.9.1). The diagnosis of eating disorders is made more 
complex by high levels of psychiatric comorbidity, especially anxiety disorders and depression 
in all EDs (Godart et al 2007; Kaye et al 2004) OCD  (Lavender et al., 2006) and ASD features 
in AN (Gillberg, Rastam and Gillberg 1996). The chronology of these disorders has further 
implications (Godart et al 2000). Anxiety disorders or OCD often predate the onset of EDs, 
suggesting that that the development of ED related behaviours are secondary to general anxiety 
and may assist in reducing it. The opposite may also occur whereby EDs predate the onset of 
anxiety disorders (Godard et al 2000). This comorbidity may be rooted at the biological level in 
anomalies of the serotonin system (Brewerton, 1995).  
 
Another dimension that is important to the diagnosis of AN is its stage of severity. A concept 
proposed by Touyz (2012) is to diagnose the illness in stages as is done in the field of cancer. 
People with AN who clearly have the condition but do not meet the full diagnostic criteria (i.e. 
normal weight) should be diagnosed as ‘stage one’ whereas those with a full blown diagnosis 
and a high medical risk could be classed as ‘stage five’.  
 
With other medical health conditions, a gold standard to increase the efficacy of diagnosis has 
been to define its aetiology. Aetiological diagnosis is less advanced in the field of psychiatry, 






studies have yet to find a specific gene that confers risk to eating disorders (see section 10.6.2). 
The search for risk genotypes is difficult because of their small effect sizes (Risch and 
Merikangas, 2006), rarity or the involvement of gene-environment or gene-gene interaction. In 
addition, any one genotype can be associated with a number of phenotypes (Gotttesman and 
Gould, 2003). It has been hypothesised that endophenotypes may have a simpler and more 
direct association with the genetic underpinnings of ED’s. Further research is still needed to 
explore their association with the illness and genetic risk before these can be systematically 
used in the screening and diagnostic process. There have been various uses for genetic 
screening in the field of physical health conditions that could potentially have use in the field of 
psychiatry. Types of genetic screening include 1) diagnostic testing – to confirm a diagnosis and 
inform treatment choices, 2) Predictive and presymptomatic testing: to identify the risk of 
developing a condition (i.e. cancer) 3) newborn screening – to identify genetic disorders that 
can be treated earlier (i.e. screening for phenylketonuria) and 4) pharmacogenomics – to 
determine drug response. 
 
The foremost aim of this thesis was to use twin methodology to explore endophenotype criteria 
of developmental phenotypes, neuropsychological and behavioural profiles. This research 
involved two parts. The first part involved a large sample of twins that were representative of the 
general population (n=3338) and were recruited from the UK twin registry (Study 1, Chapter 2). 
This large sample allowed for the calculation of genetic influences on self reported 
psychological symptoms and behaviours associated with eating disorders; body dissatisfaction, 
drive for thinness and bulimia. The second part of the research (Studies 2 to 7) involved a 
selection of twins with clinical eating disorders (n=53 met lifetime DSM-IV eating disorder 
criteria, n=19 non-eating disorder cotwins). This clinical sample allowed for an in-depth 
examination of the genetic basis to neuropsychological and behavioural traits in eating 
disorders.  Specifically study 2 (Chapter 4) explored the evolution of clinical symptoms over time 
and how these co-aggregate within twin pairs. Studies 3 to 7 (Chapters 5 to 9) investigated the 
familial risk and genetic basis of 1) childhood obsessive compulsive personality traits (study 3, 
chapter 5), 2) lifetime impulsive behaviours (study 4, chapter 6), 3)  neurocognitive traits such 
as difficulties in set shifting and weak central coherence (study 5, chapter 7), 4) emotional 
processing styles such as emotion recognition and social affective attentional biases (study 6, 
chapter 7) and lastly 8) altered reward sensitivity (study 7, chapter 8). Previously these traits 
have been investigated in people with eating disorders, those recovered from the illness and 
unaffected sibling pairs. This has allowed for all the endophenotype criteria (see chapter 1, 
section 1.3) to be investigated, except that of heritability which was the primary objective of this 
thesis. Specifically three endophenotype criteria were assessed: 1) the traits association with 
the illness, 2) the traits presence in unaffected twin siblings and 3) the heritability of the trait in 







The following section presents the main findings. This is followed by the studies general 
limitations, how the findings may inform the diagnosis and treatment of eating disorders and 
directions for future research. 
 
10.2 Overview of the main findings of the thesis 
 
10.2.1. Study 1 
Aims: The first study (Chapter 2) set out to explore the genetic and environmental contributions 
to psychological and behavioural traits associated with eating disorders. This study employed a 
large sample of representative twins recruited from the UK twin registry (n=3338, MZ pairs=949, 
DZ pairs=720). The sample completed self-report questionnaires measuring: 1) drive for 
thinness, 2) body dissatisfaction and 3) bulimia (measured by the EDI-2 Garner, 1991).  
 
Findings: Structural equation modelling techniques indicated a substantial genetic basis for 
drive for thinness (60% of the variance accounted for by genetic factors), body dissatisfaction 
(genetic factors: 67%) and bulimia (genetic factors: 52%).  
 
Implications: The similarity in levels of genetic influence on drive for thinness and body 
dissatisfaction may have been due to the symptomatic overlap between these symptoms. Drive 
for thinness is a dimensional symptom that is seen across all eating disorders and involves an 
amalgamation of body dissatisfaction, weight concern and dieting (Bulik et al 2007). The 
relatively greater influence of environmental factors (48%) on bulimia may be attributed to the 
recent surge in highly palatable foods and the loss of meal structure, which may encourage 
overeating. This representative sample of UK twins demonstrated a substantially higher genetic 
influence (52%) to bulimia than the only other study of this trait in a Swedish cohort (16% 
heritability) (Baker et al 2009). It may be that the Swedish and UK twin cohort differ in their 
exposure to environmental influences. These may include lifestyle and exposure to palatable 
foods which could have epigenetic influences on the measure of bulimia. There may also be 
different genetic factors between the samples (i.e. ‘binge prone’ and ‘binge resistant ’; Boggiano 
et al 2007). Supporting this, these cultures have different prevalence’s for obesity (in 2005, 
10.7% in Sweden and 23% in the UK; Organisation for Economic Cooperation and 
Development).  
 
10.2.2. Studies 2 to 7 
The remaining studies of this thesis (studies 2 to 7) investigated a smaller clinical sample of 
twins with eating disorders (n=53 met lifetime DSM-IV eating disorder criteria, n=19 non-eating 






also from a previous research study conducted by Holland, Sicotte and Treasure (1988). These 
studies aimed to assess the association with the illness and familial risk of neuropsychological 
and behavioural traits by comparing probands and unaffected twin siblings with control twins 
(see chapter 3, section 3.15.5). The genetic basis of these traits was assessed by comparing 
within pair correlations for monozygotic twins with dizygotic twins. It was expected that these 
would be higher in MZ twins due to them sharing 100% of genes (see chapter 3, 3.15.6.).  
 
10.2.3. Study 2 
Aims: The second study (chapter 4) sought to describe the clinical evolution of eating disorder 
symptoms and behaviours (assessed by the EATATE lifetime diagnostic interview; Anderluh et 
al 2003) and how these co-aggregate within twin pairs, beginning with birth until present day. 
 
Findings: The evolution of symptoms over time demonstrated a greater similarity within identical 
twin pairs. This suggests that inherited factors contribute to the maintenance and duration of 
behaviours and the long term outcome of eating disorders.  
 
Implications: At present eating disorder diagnosis is mainly based on attaining specific 
frequencies and durations of clinical symptoms to reach a clinical threshold. The diagnosis of 
AN is based on attaining a clinical threshold of a BMI below 18.5, along with a number of other 
symptoms for a minimum duration of 3 months. This is also the case for BN, where a diagnosis 
requires binge eating to occur twice a week for a minimum duration of 3 months. However the 
temporal element (i.e. duration of symptoms) has been neglected by the current diagnostic 
process. The duration of illness and persistence of clinical symptoms over time may vary 
between individuals. This temporal variance in symptoms may be accounted for by various 
genetic factors that differentially relate to the underlying phenotype (Mazzeo et al 2010). 
 
10.2.4. Study 3 
Aims: The third study (chapter 5) examined OCP traits in childhood as developmental 
endophenotypes associated with eating disorders. Childhood OCP traits were assessed using a 
semi-structured interview (EATATE lifetime diagnostic interview, Part II; Anderluh et al 2003). 
 
Findings: Childhood OCP traits were found at a higher rate in those with an ED history (d=2.08) 
in comparison to controls. There were no differences in OCP traits between AN and BD 
probands.  
 
OCP traits were also a familial risk since they were elevated in their unaffected twin siblings 






pair similarity in comparison to dizygotic twins [r=0.74 (CI: 0.25-0.93) p=0.01] suggesting that 
shared environmental factors may contribute more strongly to these traits. 
 
Implications: The present findings suggest that OCP features could be used as transdiagnostic 
criteria for eating disorders. Since these traits were found to be a premorbid familial trait, it 
supports the Cognitive-Interpersonal Maintenance Model of AN (Schmidt and Treasure, 2006) 
which proposes perfectionism to be a risk factor for AN. OCP features appeared to be more 
environmentally influenced (i.e. parenting styles or peer group experiences).  In contrast a large 
sample of representative twins have demonstrated a substantial genetic influence of 81% for 
childhood OCP traits (measured by the childhood retrospective perfectionism questionnaire; 
Southgate et al 2008) (Boraska, et al to be submitted). The difference between our clinical twins 
and the representative sample may be due to Bosaka’s use of a self report questionnaire to 
probe for OCP traits as opposed to an interview. It may also be that the underlying phenotypes 
or rather, the etiological architecture of an OCP may differ between psychiatric and control 
populations (Gottesman and Gould, 2003). To confirm this proposal, research into larger 
samples of twins with eating disorders is required to estimate the genetic and environmental 
contributions.   
 
10.2.5. Study 4 
Aims: The fourth study (chapter 6) examined whether lifetime impulsive behaviours (assessed 
by the EATATE-Part II; Anderluh et al 2003) could be an endophenotype of eating disorders.  
 
Findings: Overall impulsive behaviours were found at a higher rate in those with an ED history 
in comparison to controls. There were diagnostic differences, with a higher rate found in those 
with BD (d=3.25) in comparison to AN (d=1.81). In the present study, impulsive behaviours were 
found to be a familial risk factor (non-AN cotwins d=2.64, non-BD cotwin d=2.92). There was 
less evidence to support their substantial heritability (see chapter 6, section 6.6.4.1) which 
suggests that shared environmental factors may contribute more to their risk.   
 
Implications: The finding of a higher rate of impulsive behaviours in BD probands supports 
previous work (Fernandez-Aranda et al 2009; Matsunaga et al 1998; Boisseau et al 2009; Claes 
et al 2001). Taken together with these being a familial trait, the findings indicate that these 
behaviours may be useful additions to the diagnostic assessment.  
 
10.2.6. Study 5 
Aims: The fifth study (chapter 7) explored the genetic basis of the neurocognitive traits, set 






Shallice)] and central coherence [assessed by the GEFT (Witkin et al 2002) and the ROCF task 
(Osterrieth, 1977)] in twins with eating disorders.  
 
Findings: Set shifting difficulties were more marked in people with eating disorders (WCST 
d=0.4, Brixton task d=0.2). There were no substantial differences between AN and BD 
probands. There was evidence to support a strength in local processing (measured by the 
GEFT) in AN (d=-0.3). Set shifting difficulties (WCST d=0.4, Brixton task d=0.2) and weak 
central coherence (measured by the ROCF task d=-0.6) were found to be familial risks. There 
appeared to be a genetic contribution to both neurocognitive traits (chapter 7, section 7.6.3.1 
and 7.6.3.2) although this was greater for performance on the central coherence tasks (chapter 
7, section 7.6.3.2). 
 
Implications: The present work indicated that set shifting difficulties may be a useful 
transdiagnostic endophenotype and have uses in predicting the risk of eating disorder 
development. It may be particularly useful in detecting the acute state of eating disorders since 
difficulties were pronounced in those currently underweight as in previous research (Tenconi et 
al 2010; Nakazato et al 2008; Nakazato et al 2008; Tchanturia et al 2011a). In regard to weak 
central coherence, the present findings taken together with previous work (Lopez et al 2008a; 
Roberts et al 2010) indicates that this trait may be a useful diagnostic endophenotype of 
restrictive eating disorders.  
 
10.2.7. Study 6 
Aims: The sixth study (chapter 8) explored emotional processing styles as endophenotypes of 
eating disorders.  
 
Findings: Emotion recognition (AN, d=-0.3) (measured by the reading the mind in the eyes task; 
Baron-Cohen et al 2003), attentional biases to social (d=0.2) and threat stimuli (d=0.5) 
(measured by the Estroop: Ashwin et al 2006) and difficulties in emotion regulation (d=1.1) 
(measured by the difficulties in emotion regulation scale; Gratz and Roemer, 2004) were 
associated with EDs at a minimum trend level. Angry attentional biases (non-BD cotwins d=0.6) 
and difficulties in emotion regulation (non-ED cotwins d=0.6) were found in their unaffected twin 
siblings at trend level, suggesting that they co-segregate within families. Furthermore, emotion 
recognition and social emotional attentional biases appeared to be substantially heritable 
(chapter 8, section 8.7.3.1 and 8.7.3.2). 
 
Implications: These findings are in line with previous research (Russell et al 2009; Harrison et al 
2009; Harrison et al 2010b; Harrison et al 2010c). It also lends some support to ‘The Cognitive 






processing difficulties are a risk factor to the development of AN. The relatively small effect 
sizes may be attributed to the wide variability in emotional processing profiles within eating 
disorders. Previous research (Harrison, 2010) has only found 11% of people with eating 
disorders to score in the extreme range (90th percentile of control participant data) for difficulties 
in social emotional processing (measured by the RME and Estroop) (Harrison, 2010). For these 
reasons, emotional processing measures (RME and Estroop) may be a useful addition to the 
diagnostic assessment in order to identify this subgroup with significant difficulties.  
 
10.2.8. Study 7 
Aims: The last study (chapter 9) investigated altered reward sensitivity (measured by the Game 
of Dice, Brand et al 2005a) and the behavioural inhibition and activation systems (behavioural 
inhibition system and behavioural activation system scales; Carver and White, 1994) as 
endophenotypes of eating disorders.  
 
Findings: Bulimic disorders (effect size= 0.3) made more risky choices on the Game of Dice 
task (Brand et al 2005a) in comparison to controls at trend level. Whereas restrictive eating 
disorders performed no differently to controls (d=0). Safer decision making appeared to be 
amplified in the acute state of AN (i.e. currently underweight, d=0.3). There was limited 
evidence to support risky decision making being a familial (non-AN cotwins, d=0.3 and non-BD 
cotwins d=-0.5) or largely heritable trait [monozygotic twins [r=0.20, (CI:-0.21 – 0.54), p=0.17] 
and dizygotic twins [r=0.07 (CI: -0.65 – 56) p=0.58]. 
 
Elevated levels of behavioural inhibition (d=0.53) and reduced levels of behavioural activation 
(d=0.5) were associated with eating disorders. There was also evidence of higher levels of 
behavioural activation (BIS/BAS scales; Carver and White, 1994) being associated with a lower 
duration of restrictive behaviours (i.e. dieting, fasting and inappropriate compensatory 
behaviours). Behavioural inhibition (d=0.43) and activation (d=0.4) were familial risks (BIS: 
d=0.4, BAS d=0.43) and demonstrated a genetic basis (chapter 9, table 9.8.8).  
 
Implications: These findings support Treasure’s (in progress) ‘Theoretical Model of Eating 
Disorders’ which proposes that altered reward sensitivity has prognostic relevance for the 
development of binge eating (Favarro et al 2005; Tozzi et al 2005) since it was elevated in 
probands with BDs. The findings in this relatively recovered sample contrasts with previous 
research which has found much larger effect sizes for risky decision-making in those with 
current bulimic disorders (Harrison and colleagues, unpublished data; Brand et al 2007; Svaldi, 
Brand and Tuschen-Caffier, 2009). It was proposed that the acute state may heighten 
diagnostic differences in risky decision making, especially since safer decision making was 






The findings that the BIS/BAS systems were a familial and genetic risk supports the hypothesis 
that these may be biologically based brain systems (Carver and White, 1994). Furthermore, 
evidence from genetic studies has shown that these traits are associated with genes (COMT 
and DRD2 Taq1A polymorphisms) that influence activity of the dopamine system (Reuter et al, 
2006). In conclusion the behavioural inhibition and activation systems may be useful in 
determining diagnostic differences (Harrison et al 2009; Bijttebier et al 2009). Although in 
relatively recovered samples such as our own, dimensional symptoms (the duration of clinical 
symptoms) may have more relevance in determining diagnostic differences as opposed to 
diagnostic categories.  
 
10.3. Tentative model 
An amalgamation of this thesis findings is presented in a tentative model of eating disorders 
(see diagram 1). This model draws on influences from other theoretical models proposed by 
Treasures (in progress) ‘Theoretical Model of Eating Disorders’ (see chapter 1, section 1.6.3), 
Kaye’s (2008) ‘Neurobiological Model of Anorexia and Bulimia’ and the ‘Noradrenergic’ 
Hypothesis’ proposed by Nunn, Frampton and Lask (2012).     
 
It is proposed that there exists a genetic predisposition which is moderated by epigenetic 
factors. According to Kaye (2008) premorbid traits include altered brain serotonin (5- HT) 
function that contributes to dysregulation of appetite, mood and impulse control in AN and BN 
as well as anxiety, obsessionality and inhibition in AN.  In a similar way the ‘noradrenergic 
hypothesis’ proposes that a genetic predisposition for noradrenergic dysregulation is triggered 
by environmental factors and changes that occur during puberty. This contributes to dysfunction 
in the insula cortex. As a consequence, the neural circuitry between brain structures is impaired 
and this contributes to altered emotion and reward processing, difficulties in body size 
evaluation as well as obsessive compulsive behaviours, pervasive anxiety and impaired 
executive function in AN.  
 
This thesis aimed to examine the genetic basis to some of these features. In doing so, it 
demonstrated differing genetic and environmental contributions to neurocognitive profiles, 
emotional processing styles and behavioural symptoms. This model (diagram 1) has simplified 
these findings by assigning each feature on the basis of which endophenotype criteria it 
satisfied most strongly. It proposes that set shifting difficulties, weak central coherence, 
emotional processing styles and psychological symptoms associated with eating disorders (i.e. 
drive for thinness, body dissatisfaction and bulimia) are part of the genetic predisposition to 
eating disorders. OCPD and impulsive behaviours are more environmentally influenced and 






adversities experienced in the intrauterine environment. Reward sensitivity and bulimia may be 
more influenced by the acute state of eating disorders.  
 
Post onset, these genetic and familial risk factors continue to interact with environmental factors 
(such as malnutrition and stress) to cause biological and epigenetic changes (Campbell et al 
2011; Treasure, in progress).  For example, in AN, starvation will continue to deplete the 
noradrenergic substances, increasing dysregulation and reinforcing the symptoms and disorder 
(Kaye, 2008; Nunn, Frampton and Lask. 2012). Other examples include the physical changes 
that occur during puberty which possibly interact with the insula dysfunction to cause an 
inaccurate homoncular representation of the body leading to a distorted perception (Nun, 
Frampton and Lask (2012).  This may also include the alterations in neuroendocrine substances 
which occur as a result of starvation in AN (Grinspoon et al 1996) or binge-purge cycles in 
bulimic disorders (Monteleone et al 2002).  These biological factors help to maintain the eating 
disorder and with time, alter the long term risk of it becoming a chronic condition. Although this 
model is based on data which is subject to its limitations (section 10.4), it may provide some 












10.4. General limitations of this report  
 
A discussion of this thesis’s broad limitations follows.  
 
10.4.1. Sample size 
The limited sample size of the clinical twin sample means that studies 2 to 7 were exploratory. 
Significantly larger samples sizes with sufficient statistical power would be required to conduct 
biometric model fitting analyses to estimate the exact contributions of 1) genetic, 2) shared or 3) 
unique environmental factors. The present research attributed within pair similarity in 
monozygotic twins to genetic factors on the assumption that they share on average 100% of 
genes. Firstly, it should be emphasised that the proportion of shared genes is merely an 
approximation due to the influence of epigenetic factors. Moreover, various other factors could 
contribute to concordance within identical twin pairs. These include shared environmental 
factors, especially adversities in the intrauterine environment. Within pair similarity may have 
also been encouraged by more similar interactions with their environment (i.e. interactions with 
peers or teachers) as a natural product of their identical physical appearance.  
 
Furthermore, it is noted that our dizygotic twin sample was small. Therefore the interpretations 
of heritability were tentatively drawn. This was due to the practical difficulties of obtaining a 
dizygotic twin sample. Others have also highlighted the difficulty in obtaining dizygotic twins due 
to numbers declining over the past 50 years (Hur, McGue and Lacano, 1995). It may also be 
that dizygotic twins have less investment in their twin identity owing to their physical dissimilarity 
and are therefore less likely to join a twin registry. 
 
10.4.2 Age 
The greatest proportion of our twin samples was recruited from the UK twin registry. As 
previously mentioned the UK twin cohorts’ average age is 45 years, which may account for the 
older age of our sample (Spector and Williams 2006). Attention is drawn to the non-ED cotwins 
who were substantially older than the proband group and controls. Although age was included 
as a covariate, this factor may have contributed to set shifting difficulties in this group, since 
neurocognitive impairments are known to increase with age (Ridderinkhof et al 2002; Ardila et 
al. 2000).  Ridderinkhof et al (2002) found that older adults (mean age: 68.1) were less able to 
use explicit shift cues (either nonspecific or specific) on the WCST. It was concluded that set 
shifting difficulties increase with age, although other traits measured by the WCST, such as 
rule-induction or performance-monitoring abilities do not deteriorate as much (Ridderinkhof et 
al. 2002). The relationship between increasing age and set shifting difficulties appears to be 







Emotional processing deficits are also known to increase with age as a consequence of deficits 
in executive function (Garcia-Rodriquez et al 2011). In regard to the effect of age on the game 
of dice task performance (Brand et al 2005a), deficits in neuromodulation are known to increase 
with age and this may contribute to difficulties in decision making when reward information is 
uncertain (Eppinger, Hammerer and Li, 2011). In the Game of Dice task the reward information 
is made explicit at the outset. Therefore it is uncertain whether age associated deficits in 
dopaminergic and serotonergic neuromodulation will have influenced performance.   
 
10.4.3. Diagnosis 
Recruiting twins through the UK twin registry allowed for the inclusion of individuals with eating 
disorders across a broad spectrum of the illness, in terms of type, illness state and severity.  
Our relatively mixed sample of BN and BED (47.2%) and almost equal proportion of AN (52.8%) 
is taken into account when interpreting the findings. At present, the neurocognitive and 
behavioural profile of BED has received less investigation and a recent review has found no 
consistent profile in BD (Van den Eynde, 2010).  
 
This recruitment method also minimised the likelihood of selection bias towards those with 
chronic eating disorders.  For our proband group, only 41.5% had received treatment which 
meant that the ascertainment of participants differed from previous studies that have recruited 
from inpatient units. Those that never reach the attention of hospital services represent an 
understudied group. In addition, those that recover from eating disorders may represent a 
different class of the disorder to those that remain chronically ill. The more chronic and severe 
forms of eating disorders tend to have the greatest impairments in cognitive and emotional 
processing styles (Harrison, 2010).  
 
For our probands it is noted that 64% (n=34) reported a recovery from having an eating 
disorder. In comparison, the vast majority of research has examined neuropsychological 
performance in participants who have a current eating disorders diagnosis. Since the current 
sample included people who were recovered from the illness, the neuropsychological and 
behavioural features under investigation were not necessarily associated with a current illness 
state. The observed features may be a consequence of having been ill previously or represent 
premorbid traits that contributed to developing an eating disorder.  Our descriptive analysis 
which compared probands with a normal BMI with probands who were currently underweight 
confirms that many of the traits (set shifting difficulties, attentional biases to social affective 
stimuli, weak central coherence and reward sensitivity) are pronounced in the acute state 






unpublished data). This may account for our relatively smaller effect sizes for comparisons 
between probands and controls. 
 
It is also noted that less monozygotic twins were currently recovered (i.e. 56.1%) in comparison 
to dizygotic twins (83.3%), which may have influenced the analysis of heritability. Nevertheless 
the number of probands that were currently underweight (BMI<18.5) were only marginally 
greater in the monozygotic group (14.6 %) in comparison to the dizygotic (0%) group. 
Another factor that may have contributed to the smaller differences between groups is the 
variability in neuropsychological proﬁles wit hin the broad group of AN (Rose, Frampton and 
Lask, 2011; Harrison 2010). A case series of nine female patients with AN has shown a broad 
spectrum of strengths and weakness in set shifting, central coherence and visuospatial memory 
(Rose, Frampton and Lask, 2011). In a cohort analysis, such as our own, these subgroup 
differences would be masked. A comprehensive subgroup analysis was beyond the scope of 
the present thesis, due to the limited sample size and its primary focus on identifying 
endophenotypes.  
10.4.4. Recruitment Bias 
The use of a volunteer twin registry is a potential source of sampling bias, since it requires that 
the twins contact the registry themselves. Thus those who are more invested in being a twin 
may be more likely to volunteer (Bulik et al. 2000). This also makes it unlikely that twin pairs 
who have a less close relationship will participate which limits the generalisability of our results. 
 
It may also be queried as to whether this sample is representative of the singleton population of 
eating disorders. Obstetric complications in twin samples have been associated with an 
increased risk of AN (Foley et al 2001). Secondly, sibling interaction (i.e. shared environmental 
factors) may differ between dizygotic and monozygotic twins as a result of their non identical 
and identical physical appearance. Research into the heritability of certain traits being attributed 
to sibling interaction and associated competitiveness has found it to be a negligible factor 
(Rebollo and Boomsma, 2006). 
 
10.4.5. BMI 
The clinical group of probands were a mix of those currently underweight (36%) and normal 
weight (64%). This factor may have influenced the thesis’s findings. One study has reported that 
BMI is positively correlated with neuropsychological function (measured by the TMT-A task) 
(Mathias and Kent, 1998). However there is also evidence to support that poor set shifting 
abilities persists in  patients with  AN after weight recovery (Tenconi et al 2010) and other 
studies have found no association between BMI and performance on the Brixton task 






influenced by a low BMI. For example set shifting difficulties appear to attenuate more with 
weight recovery in AN (Tchanturia et al 2011) than weak central coherence (Tenconi et al 2010; 
Harrison et al 2011).  
 
In sum, it is very difficult to determine exactly how BMI influences neuropsychological function, 
since BMI is a clinical feature that is closely entangled with the symptoms of AN (Abbate-Daga 
et al 2011).  Since the vast majority of neuropsychological studies (Tchanturia et al 2004; 
Tchanturia et al 2007) investigating these features have not controlled for BMI it was chosen to 
follow this methodology and allow the present findings to be interpreted within the current 
evidence base.  
 
10.4.6. Confounding variables 
This study was limited by not having systematically assessed environmental factors from 
conception to present day due to the time constraints on the assessment battery. A systematic 
assessment of environmental factors may have provided useful information with regard to the 
large discordances in neurocognitive and behavioural performance within identical twin pairs. 
Environmental factors could include peer group experiences, schooling and parenting styles 
and also adverse prenatal events. The Barker and Osmond (1986) hypothesis proposes that 
early life events which occur in the intrauterine environment may cause subsequent epigenetic 
changes that could influence the propensity for a number of conditions as well as eating 
disorders or risk traits.  A measure that is recommended for future research is the Oxford Risk 
Factor Interview for Eating Disorders (ORFI) (Fairburn et al, 1997). This measures a variety of 
specific risk factors associated with EDs such as parental EDs, obesity, parental depression 
and alcohol and substance dependence. 
 
Due to the constraints of the sample size, we chose not to exclude those with depression in our 
clinical sample, Although this is a common comorbidity in eating disorders, it is acknowledged 
that depression can amplify deficits in neurocognitive function and may have influenced our 
findings (Gotlib and Joorman, 2010; McClintock et al. 2010). 
 
10.4.7. Battery of measures 
There are several issues relating to the battery of tasks used in this thesis that have been 
discussed within their respective chapters. The main difficulty relates to the time constraints of 
the battery which meant that additional measurements which may have added important details 
to this study were excluded from the protocol to reduce the burden on participants. These 
included data of the delay and accuracy aspects of the ROCF which could have explained the 






similarity within monozygotic twins validates the external validity of the set shifting, central 
coherence and emotional processing tasks.  
 
10.4.8. Ecological validity 
The neuropsychological and behavioural assessments were conducted in a laboratory setting 
by two researchers. A standardised procedure, quiet setting and limited distractions allowed for 
the control of extraneous variables. However it is uncertain to what extent these features such 
as set shifting difficulties measured by the WCST, are predictive of behaviours in the real world, 
such as inflexibility or difficulty coping with change. In light of this, a study which failed to find 
significantly more perseverative errors on the WCST in adolescents with AN, did find 
significantly more difficulties in cognitive and behavioural set shifting measured by a self report 
measure (Behavior Rating Inventory of Executive Function-Self Report) (McNarney et al 2011). 
Virtual environments may be an effective solution to increase ecological validity. One study 
which measured set shifting abilities in a virtual environment found performance to be 
significantly correlated with that in the real world (McGeorge et al 2001) 
 
In the present research, attempts were made where possible, to use ecologically valid stimuli. 
Emotional processing was measured in response to ecologically valid stimuli, which is faces 
depicting emotions (Estroop and RME task). Such methods may have more accuracy than self-
report measures of emotional processing such as the DERS, which are subject to the 
participants’ own appraisal and social desirability bias.   
 
10.4.9 Transdiagnostic analysis 
Eating disorders are unstable longitudinally which inevitably creates diagnostic difficulties for 
genetic and epidemiological studies of psychiatric disorders (Helder and Collier, 2011; Rice et al 
1992). One of the strengths of this research is that a dimensional account of eating disorders 
was taken over time as opposed to simply classifying them on the basis of a current category. 
This was executed by taking measurements of the duration of clinical symptoms (weighted by 
age) and devising a composite lifetime diagnoses based on the diagnostic phases over the life 
course. The findings suggest that the duration of clinical symptoms over time may have more 
clinical relevance than the use of a categorical diagnosis. 
 
10.5. Clinical implications 
The following section describes how knowledge presented within this thesis may add to the 
translational research evidence base and could be utilised by clinicians in treatment settings 







10.5.1. Addressing traits in therapy 
At present the Maudsely Model for Treatment for Adults with Anorexia Nervosa (MANTRA) is 
investigating the treatment outcome of therapies tailored towards specific neuropsychological 
and personality traits in anorexia nervosa. A pilot study has shown that MANTRA is successful 
in increasing BMI to a normal range, improving psychological functioning in 26% and improving 
scores on the eating disorder examination (EDE) to within 1 standard deviation from the 
community norm (Wade, Gilcrest, Treasure and Schmidt, 2010). This demonstrates the 
effectiveness of addressing specific cognitive styles and emotional processing in treatment.  
 
The findings of genetic risk may inform clinicians of treatment response and allow them to 
assign achievable and realistic goals. Traits that demonstrated a substantial genetic basis such 
as attention to detail (measured by the central coherence tasks) may have a slower treatment 
response in comparison to those with a lower genetic basis such as risky decision making.  
 
10.5.2. Neuropsychological feedback module 
The neuropsychological feedback module requires the patient to complete a neuropsychological 
assessment (which lasts approximately 60 minutes) as part of their initial psychiatric 
assessment (Lopez, Roberts, Tchanturia and Treasure, 2008e). Subsequently the patient 
receives feedback on their neuropsychological profile. Patients who display anomalies in their 
neuropsychological profile (i.e. scores of 1 standard deviation away from the control population 
mean in more than two neuropsychological tasks) are provided with additional treatment 
sessions. The additional psycho-education sessions involve a formulation that describes the 
contribution of their neurocognitive traits to their AN symptoms.    
This module may one day be used for the genetic screening of AN. Also there is potential for 
this module to include information regarding the genetic risk of traits, especially those that 
appear to be more heritable such as emotional processing and central coherence. This may 
help to reduce the stigma associated with certain behaviours and blame felt.  
 
The benefits of this neuropsychological feedback module are that it is highly tailored to the 
individual’s central coherence and set shifting abilities. This module could look to broadening its 
assessment to other traits, namely reward sensitivity and emotional processing. In addition, it 
could be expanded to treat those with bulimic disorders since it currently focuses on anorexia 
nervosa.  
 
10.5.3. Cognitive remediation therapy (Tchanturia, Davies and Campbell, 2007). 
Cognitive remediation therapy (CRT) involves a series of cognitive exercises to encourage 






tasks, increases neural connectivity in the brain (Tchanturia, Davies and Campbell, 2007). CRT 
improves flexible thinking and global integration which can prime the patient to subsequently 
receive a more intensive psychological intervention such as cognitive behavioural therapy 
(CBT) (Tchanturia, Whitney and Treasure, 2006; Tchanturia, Davies and Campbell, 2007; 
Tchanturia et al., 2008). CRT has also proven to be successful when delivered as a group 
intervention in adults (Genders & Tchanturia, 2010) and adolescents with AN (Wood, Al-
Khairulla and Lask, 2011). CRT may be particularly useful for attenuating traits with a 
substantial genetic basis that may have a more resistant response to treatment.  
10.6. Future directions  
 
10.6.1. Larger genetic studies 
This thesis should be seen as a preliminary investigation that informs the design of prospective 
and more advanced studies. With larger samples the next step forward for genetic studies is to 
identify which of these endophenotypes are optimal risk indicators of eating disorder 
development. Glahn et al (2012) has devised a rigorous method to index the genetic utility of 
endophenotypes: “Endophenotypes ranking method” (ERV) (see below: formula to calculate 
endophenotype index). The value varies between 0 and 1 and higher values indicate that the 
endophenotypes is genetically correlated with the illness (i.e. a higher proportion of shared 
genetic factors that influence both the endophenotype and the risk for the illness). An 
endophenotype with a high ERV will more accurately predict the genetic risk of the disease than 
an endophenotype with a low ERV. Unfortunately this calculation is beyond the scope of this 
thesis primarily since the limited sample size means that we are unable to calculate the genetic 
correlation between the illness and endophenotype. Larger samples of twins with eating 
disorders would allow for us to rank these endophenotypes. However the practical difficulties of 
obtaining this unique sample are noted. Glahn et al (2012) have demonstrated that modern 
techniques involving high density typing will allow for large samples of unrelated individuals to 
estimate the parameters required for ERV. This makes the ERV estimation of endophenotypes 
in eating disorders a very realistic goal for future research.  
 




hi2 : the heritability of the illness 
he2: the heritability of the endophenotype 






Nevertheless, some attempt has been made to diagrammatically represent how these traits 
could be ranked on the basis of the present research (Diagram 10.2a and 10.2b). The arrows 
indicate how many endophenotype criteria were satisfied: (1) associated with the illness, 2) 
familial risk and 3) heritable. The height of the arrow on the chart indicates how many 
endophenotype criteria the trait satisfies. The higher the arrow reaches, the more 
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Illness: The trait is present in those with an eating disorder history, suggesting that it is associated with the illness (effect size>= 0.3) 
Familial: The trait is present in the unaffected twin siblings, suggesting it co-segregates within families (effect size>= 0.3) 
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Illness: The trait is present in those with an eating disorder history, suggesting that it is associated with the illness (effect size>= 0.3) 
Familial: The trait is present in the unaffected twin siblings, suggesting it co-segregates within families (effect size>= 0.3) 






10.6.2. Linkage and molecular genetic studies 
A demonstration of heritability and association with the disorder is typically seen as a 
justification for further research to identify susceptibility genes that contribute to eating 
disorders. This could inform the genetic architecture of eating disorders and its’ taxonomy. 
Future studies could investigate the molecular genetic basis of neuropsychological and 
behavioural traits. Additional data of brain activation patterns may be useful in identifying 
specific genes associated with these traits. This information could help to explain the wide 
variability in performance, with some participants displaying difficulties and others having 
‘normal’ performance. The possibility of subgroups with varying neuropsychological profiles has 
been noted in adolescents with AN (Rose, Frampton and Lask, 2011). Future molecular genetic 
studies may chose to include neurocognitive profiling as additional covariates to delimit 
subgroups within anorexia nervosa. This may help to hone in on risk genes for AN. Such 
strategies have been previously adopted when using highly heritable symptoms such as self 
induced vomiting to determine a subset of families with which to perform linkage analysis. This 
found a susceptibility locus for BN on chromosome 10p (Bulik et al 2003). 
 
At present there has been two published Genome Wide Association Studies (GWAS) of AN. 
The first included a genome-wide case–control association study of 331 AN cases, 125 BN 
cases and 872 controls in a Japanese cohort (Nakabayashi, et al 2009). The findings showed 7 
SNPs from the 1q41 locus and 3 SNPs from the 11q22 locus to be significantly associated with 
AN (before correcting for multiple-testing). However these SNPs were not associated with BN 
suggesting a different genetic aetiology (Nakabayashi, et al 2009). The second GWAS included 
1,033 cases with AN and 3,773 controls. No single-nucleotide polymorphisms (SNPs) were 
significantly associated with AN (Wang et al 2011). Currently being conducted is a GWAS 
funded by the Wellcome Trust Case Control Consortium 3 (WTCCC3) including 3,000 cases 
with AN from 15 countries. Boraska and colleagues (to be submitted) have made some 
progress in examining genotypes associated with psychological symptoms and behaviours 
associated with eating disorders. These include the EDI subscales (Garner, 2004) and OCP 
traits (measured by the childhood retrospective perfectionism questionnaire; Southgate et al 
2008). A study of 3,333 individuals of European ancestry detected genetic variants at a 
significance level of p<10-5 (not quite genome wide significance). The SNP rs7624327 which 
lies between the CCNL1 and LEKR1 genes was found to be significantly associated with 
bulimia (Boraska et al, to be submitted). Previously, variants near these genes have been 
associated with fetal growth and birth weight (Freathy et al 2010). Furthermore a meta-analysis 
of the ‘discovery’ cohort used by Borsaka and colleagues (to be submitted) and replication 
cohorts found an association between drive for thinness and two SNPs (p<10-4). These 
included the rs6265 in the BDNF gene which has been previously associated with AN and the 






traits showed an association with the SNP rs1898111 that lies within the SEMA6D gene. 
Previously this gene has been linked with the neural wiring of the central nervous system (Leslie 
et al 2011). Furthermore OCP traits were associated with the SNP, rs10519201, located in the 
SHC4 gene. Previously, this gene has been associated with major depressive disorder in 
females in a Dutch sample (Aragam, Wang and Pan, 2011).  
 
10.6.3. Longitudinal studies 
Longitudinal studies are another method to explore traits that may increase the risk of 
developing eating disorders. Such studies can be expensive, lengthy and have methodological 
and practical implications (i.e. dropout rates and long term patient engagement). However this 
type of study design is particularly strong and can yield fruitful results. At present there is a 
cohort of women with anorexia nervosa that are being examined as part of a longitudinal study. 
This has shown that women with AN and comorbid ASD features tend to have poorer 
psychosocial functioning (measured by the Modified Morgan Russell scales; Ratnasuriya et al 
1991 and the General assessment of functioning scale according to DSM-IV criteria) and a 
longer duration of illness (Wentz 2001; Wentz, 2005). This longitudinal study does not 
distinguish whether these ASD features occurred premorbidly or were encouraged by the acute 
state of AN. Future studies could look to investigate these traits as premorbid risks in a 
longitudinal study.    
 
Perinatal risk factors are currently being examined as part of the ALSPAC cohort study (Avon 
Longitudinal Study of Parents and Children). This study is currently investigating the physical 
and psychological development of children born to women with eating disorders. This study will 
examine the effects of maternal eating disorders during pregnancy that may contribute to the 
vulnerability of eating disorders in their offspring (Kohari, Micali and Treasure, in progress). 
Such relationships could potentially imply epigenetic changes in the foetus as a consequence of 
a maternal eating disorder. The effects of epigenetic changes are potently demonstrated by the 
Dutch famine in 1944-45. Research has indicated that grandchildren of women who were 
pregnant during this period have a reduced birth weight (Painter et al 2008) 
 
10.7. Concluding comment 
This thesis presents an exploration of the genetic basis of neurocognitive and behavioural traits 
in twins with and without eating disorders. It builds on the growing evidence base which 
provides support for neurocognitive and behavioural traits associated with eating disorders 
being familial risk factors (Tenconi et al 2010; Roberts et al 2010; Roberts et al submitted). To 
the best of our knowledge, this is the first study in the field of eating disorders to adopt twin 
methodology to parse out the effects of genes alone on these traits. This thesis employed 






symptoms, 2) childhood OCP traits and impulsive behaviours 3) neurocognitive traits such as 
cognitive inflexibility (set shifting difficulties) and ‘attention to detail’ (or weak coherence), 4) 
emotional processing traits such as emotion recognition and selective attention to social 
emotional stimuli and 5) reward sensitivity as endophenotypes of eating disorders.  
The results provided evidence of a substantial genetic contribution to psychological symptoms 
associated with eating disorders and its’ prognosis in a clinical and representative sample of 
twins respectively. Secondly OCPD traits and impulsive behaviours appeared to be associated 
with eating disorders and largely accounted for by familial factors which include shared genes 
and environmental factors. Thirdly, there appeared to be a substantial genetic contribution to 
the neurocognitive and emotional traits. In addition there were varying levels of a familial risk 
and an association with the illness. Fourthly, reward sensitivity was associated with bulimic 
disorders but there was less evidence to support a genetic basis. Lastly, behavioural activation 
and inhibition appear to be associated with eating disorders and demonstrated a familial and 
genetic basis.  
 
With its emphasis on heritability, this thesis has begun to explore whether the neurocognitive 
and behavioural profile could be a premorbid trait that increases the risk of eating disorder 
development. The constraints of the sample size meant that all the conclusions were tentatively 
drawn. Nevertheless, there was evidence of some endophenotype criteria being satisfied for 
both cognitive and emotional processing traits.  It is acknowledged that the somewhat small 
sized differences between clinical and control samples, owing to within group variation, 
differences across age groups and across the diagnostic spectrum,  may restrict the  ability of 
these measures to inform the future diagnosis and taxonomy of eating disorders. However the 
present findings may be used to inform new investigations for potential endophenotypes as well 

















Abbate-Daga, G., Buzzichelli, S., Amianto, F., Rocca, G., Marzola, E., McClintock, S. M., 
Fassino, S. (2011). Cognitive flexibility in verbal and nonverbal domains and decision making in 
anorexia nervosa patients: a pilot study. BMC Psychiatry. 7, 11-162. 
 
Adolphs, R. (2002). Recognizing emotion from facial expressions: psychological and 
neurological mechanisms. Behavioral and Cognitive Neuroscience Reviews, 1, 21-61. 
 
Acre, E. and Santisteban, C. (2006). Impulsivity a review. Psicothema. 18, 2, 213-220. 
 
Agras, W, S., Crow, S., Mitchell, J, E., Halmi, K, A. and Bryson, S. (2009). A 4-year prospective 
study of eating disorder NOS compared with full eating disorder syndromes. Int J Eat Disord, 
42, 565–570. 
 
Akaike, H. (1987). Factor analysis and AIC. Psychometrika, 52, 317-332. 
  
Akkermann, K., Nordquist, N., Oreland, L. and Harro, J. (2010). Serotonin transporter gene 
promoter polymorphism affects the severity of binge eating in general population. Progress in 
Neuropsychopharmacology and Biological Psychiatry, 34(1), 111.  
 
Aldao, A., Nolen-Hoeksema, S. and Schweizer, S. (2010). Emotion-regulation strategies across 
psychopathology: A meta-analytic review. Clinical Psychology Review, 30(2), 217-237. 
 
Alpers, G.W., & Tuschen-Caffier, B. (2004). Energy and macronutrient intake in bulimia 
nervosa. Eating Behaviours, 5, 241-249. 
 
Alvarado-Sanches, A., Silva-Gutierrez, C. and Salvador-Cruz, J. (2009). Visuoconstructive 
deficits and risk of developing eating disorder. The Spanish Journal of Psychology, 12(2), 677-
685. 
 
American Psychiatric Association. (2000). Diagnostic and Statistical Manual of Mental Disorders 
IV-Revised (DSM) (Vol. IV--TR). American Psychiatric Press Inc: Washington DC. 
 
Aragam N, Wang KS, Pan Y. (2011). Genome-wide association analysis of gender differences 
in major depressive disorder in the Netherlands NESDA and NTR population-based samples. 







Anderluh, M, B., Tchanturia, K., Rabe-Hesketh, S., Collier, D., and Treasure, J. (2009). Lifetime 
course of eating disorders: design and validity testing of a new strategy to define the eating 
disorders phenotype. Psychological Medicine, 39(1), 105-114. 
 
Anderluh, M, B., Tchanturia, K., Rabe-Hesketh, S. and Treasure, J. (2003). Childhood 
obsessive-compulsive personality traits in adult women with eating disorders: defining a broader 
eating disorder phenotype. American Journal of Psychiatry, 160, 242–247. 
 
Andrew, T., Hart, D., Snieder, H., de Lange, M., Spector, T. and Macgregor, A. J. (2001). Are 
twins and singletons comparable? A study of disease-related and lifestyle characteristics in 
adult women. Twin Research, 4(6), 464-477. 
 
Anokhin, A, P., Golesheykin, S. and Heath, A, C. (2010). Heritability of individual differences in 
cortical processing of facial affect. Behavioural genetics, 40, 178-185. 
 
Ardila, A., Ostrosky-Solis, F., Rosselli, M. and Gomez, C. (2000). Age related cognitive decline 
during normal aging: The complex effect of education. Archives of Clinical Neuropsychology, 
15, 495-514. 
 
Arts, B., Jabben, N., Krabbendam, L. and van Os, J. (2008). Meta-analyses of cognitive 
functioning in euthymic bipolar patients and their first degree relatives. Psychological medicine, 
38. 771-785. 
 
Ashwin, C., Wheelwright, S., and Baron-Cohen, S. (2006). Attention bias to faces in Aspergers 
Syndrome: A pictorial emotion Stroop study. Psychological Medicine, 36, 835-843. 
 
Ashworth, F., Pringle, A., Norbury, R., Harmer, C. J., Cowen, P. J. and Cooper, M. J. (2011). 
Neural response to angry and disgusted facial expressions in bulimia nervosa. Psychological 
Medicine, DOI: 10.1017/S0033291711000626. 
 
Avena, N, M. and Hoebel, B,G. (2003). A diet promoting sugar dependency causes behavioural 
cross-sensitization to a low dose of amphetamine. Neuroscience, 122, 17–20. 
 
Avena, N, M., Long, K. and Hoebel, B, G. (2005). Sugar-dependent rats show enhanced 
responding for sugar after abstinence: evidence of a sugar deprivation effect. Physiol Behav, 







Bachner-Melman, R., Lerer, E., Zohar, A,H., Kremer, I., Elizur, Y., Nemanov, L., Golan, M., 
Blank, S., Gritsenko, .I. and Ebstein, R, P. (2007). Anorexia nervosa, perfectionism, and 
dopamine D4 receptor (DRD4). Am J Med Genet Part B, 144B, 748–756. 
 
Baker, J, H., Maes, H, H., Lissner, L., Aggen, S, H. and Lichtenstein, P. (2009). Genetic risk 
factors for disordered eating in adolescents males and females. Journal of abnormal 
psychology, 118(3), 576-586. 
 
Baker, J, H., Mazzeo, S, E. and Kendler, K, S. (2007). Association between broadly deﬁned 
bulimia nervosa and drug use disorders: common genetic and environmental inﬂuences. 
International Journal of Eating Disorders, 40(8), 673-678.  
 
Bardone-Cone, A. M., Wonderlich, S. A., Frost, R. O., Bulik, C. M., Mitchell, J. E., Uppala, S., 
and Simonich, H. (2007). Perfectionism and eating disorders: current status and future 
directions. Clinical Psychology Review, 27(3), 384- 405. 
 
Barker, D, J. and Osmond, C. (1986). Infant mortality, childhood nutrition, and ischaemic heart 
disease in England and Wales. Lancet, 1, 1077–1081. 
 
Baron-Cohen, S. and Hammer, J., (1997). Parents of children with Asperger Syndrome: What is 
the cognitive phenotype? Journal of Cognitive Neuroscience. 9, 548-554. 
 
Baron-Cohen, S., Ring, H., Chitnis, Z., Wheelwright, S., Gregory, L., Williams, S., Brammer, M. 
and Bellmore, E. (2006). fMRI of parents of children with aspergers syndrome: a pilot study. 
Brain and Cognition, 61, 122–130. 
 
Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., and Plumb, I. (2001). The "reading the 
mind in the eyes" test revised version: a study with normal adults, and adults with asperger 
syndrome or high-functioning autism. Journal of Child Psychology and Psychiatry, 42(2), 241-
251. 
 
Barnett, J. H., Scoriels, L. and Munafo, M. R. (2008). Meta-analysis of the cognitive effects of 
the catechol-O-methyltransferase gene Val158/108Met polymorphism. Biol Psychiatry, 64, 137–
144. 
 
Barrantes-Vidal, N., Aquilera, M., Campanera, S., Fatjo-Vilas, M., Guitart, M., Miret, S., Valero, 
S. and Fananas, L. (2007). Working memory in sibling of schizophrenia patients. Schizophrenia 







Basseches, H. I. and Karp, S. A. (1984). Field dependence in young anorectic and obese 
women. Psychotherapy and Psychosomatics, 41, 33–37. 
 
Beaver, J. D., Lawrence, A. D., Passamonti, L. and Calder, A. J. (2008). Appetitive motivation 
predicts the neural response to facial signals of aggression. The Journal of Neuroscience. 
28(11) 2719-2725. 
 
Beaver, J. D., Lawrence, A. D., van Ditzuijzen, J., Davis, M. H., Woods, A. and Calder, A. J. 
(2006). Individual difference in reward drive predict neural responses to images of food. The 
Journal of Neuroscience. 26(19) 5160-5166.   
 
Bechara, A., Damasio, A. R., Damasio, H. and Anderson, S. W. (1994). Insensitivity to future 
consequences following damage to human prefrontal cortex. Cognition. 50, 7–15. 
 
Bechara, A., Damasio, H.,  Damasio, A. R. and Lee, G. P. (1999) Different contributions of the 
human amygdala and ventromedial prefrontal cortex to decision making. J Neurosci. 19, 5473–
5481. 
 
Beevers, C. G., Wells, T. T., Ellis, A. J. and McGeary, J. E. (2009). Association of the serotonin 
transporter gene promoter region (5-HTTLPR) polymorphism with biased attention for emotional 
stimuli. Journal of Abnormal Psychology, 118(3) 670–681. 
 
Bellodi, L., Cavallini, M., Bertelli, S., Chiapparino, D., Riboldi, C. and Smeraldi, E. (2001) 
Morbidity risk for obsessive-compulsive spectrum disorders in first-degree relatives of patients 
with eating disorders. Am J Psychiatry, 158, 563–569. 
 
Berkman, N. D., Lohr, K. N. and Bulik, C. M. (2007). Outcomes of eating disorders: a systematic 
review of the literature. Int J Eat Disord, 40, 293–309. 
 
Berridge, K. (2007). The debate over dopamine’s role in reward: the case for incentive salience. 
Psychopharmacology, 191, 391–431.  
 
Bertolino, A., Giampiero, A., Rubino, V., Latorre, V., De Candia, M., Mazzola, V., Blasi, G., 
Caforio, G., Hariri, A., Kolachana, B., Marcello, N., Weinberger, D. R. And Scarabino, T. (2005). 
Variation of Human Amygdala Response During Threatening Stimuli as a Function of 







Bidwell, L, C., Willcutt, E, G., DeFries, J, C. and Pennington, B, F. (2007). Testing for 
neuropsychological endophenotypes in siblings discordant for ADHD. Biol Psychiatry, 62, 991–
998. 
 
Biederman, J., Ball, S., Monuteaux, M., Craig, S., Johnson, J. and Zeitlan, S. (2007). Are girls 
with ADHD at risk for eating disorders? Results from a controlled five year prospective study. 
Journal of Developmental & Behavioural Pediatrics. doi: 10.1097/DBP.0b013e3180327917, 
28(4), 302-207. 
 
Bijttebier, P., Beck, I., Claes, L. and Vandereycken, W. (2009). Gray’s reinforcement sensitivity 
theory as a framework for research on personality psychopathology associations. Clinical 
Psychology Review. 29, 421-430. 
 
Birmingham, C, L., Su, J., Hiynsky, J, A., Goldner, E. M. and Gao, M., (2005). The mortality rate 
from anorexia nervosa. Int J Eat Disord, 38, 143–6. 
 
Blasi, G., Bianco, L. L., Taurisano, P., Gelao, B., Romano, R., Fazio, L., Papazacharias, A., Di 
Giorgio, A.., Caforio, G., Rampino, A., Masellis, R., Papp, A., Ursini, G., Sinibaldi, L., Popolizio, 
T., Sadee, W. And Bertolino, A. (2009). Functional variation of the dopamine D2 receptor gene 
is associated with emotional control as well as brain activity and connectivity during emotion 
processing in humans. J Neurosci, doi:10.1523/JNEUROSCI.3609-09.2009. 29(47), 14812–
14819. 
 
Boeka, A. G., and Lokken, K. L. (2006). The Iowa gambling task as a measure of decision 
making in women with bulimia nervosa. Journal of the International Neuropsychological 
Society, 12, 741–745. 
 
Boggiano, N. M., Artiga, A. I., Pritchett, C. E., Chandler-Laney, P. C., Smith, M. L. and Elridge, 
A. J., (2007). High intake of palatable food predicts binge- eating independent of susceptibility to 
obesity: an animal model of lean vs obese binge-eating and obesity with and without binge 
eating. International Journal Obesity, 31, 1357-1367.  
 
Boggiano, N. M., Chandler, P. C., Viana, J. B., Oswald, K. D., Maldanodo, C. R. and Wauford, 
P. K. (2005). Combined dieting and stress evoke exaggerated responses to opioids in binge 
eating rats. Behav. Neurosci. 119, 1207-1214.  
 
Bøgh, E, H., Rokkedal, K. and Valbak, K. (2005). A 4-year follow-up on bulimia nervosa. Eur 







Boisseau, C., Thompson-Brenner, H., Eddy, K. and Satir, D. (2009). Impulsivity and personality 
variables in adolescents with eating disorders. Journal of nervous & mental disease, doi: 
10.1097/NMD.0b013e31819d96c0, 187(4) 251-259. 
 
Bolte, S. and Poustka, F. (2006). The broader cognitive phenotype of autism in parents: how 
specific is the tendency for local processing and executive dysfunction? Journal of Child 
Psychology and Psychiatry, 47(6), 639-645. 
 
Booth, R. (2006). Local-global processing and cognitive style in autism spectrum disorders and 
typical development. Kings College University of London, London. 
  
Bora, E., Yucel, M., and Pantelis, C. (2008). Cognitive endophenotypes of bipolar disorder: A 
meta-analysis of neuropsychological deficits in euthymic patients and their first-degree relatives. 
Journal of Affective Disorders, 113, 1-20. 
 
Bosia, M., Anselmetti, S., Pirovano, A., Ermoli, E., Marino, E., Bramanti, P., Smeraldi, E. and 
Cavallaro, R. (2009). HTTLPR functional polymorphism in schizophrenia: Executive functions 
vs. Sustained attention dissociation. Progress in Neuro Psychopharmacology & Biological 
Psychiatry, 34, 81-85. 
 
Boraska, V.,  Davies, O. S. P., Cherkas, L. F., Helder, S. G., Harris, J., Krug, I., Liao, T. P-C., 
Treasure, J., Christakopoulou, D., Karhunen, L., Keski-Rahkonen, A., Ntalla, I., Raevouri, A., 
Shin, S-Y., Dedoussis, G. V., Kaprio, J., Soranzo, N., Spector, T. D., Collier, D. and Zeggini, E. 
(under review). Genome wide association analysis of eating disorder symptoms, behaviours 
and personality traits.  
 
Braff, D. L., Freedman, R., Schork, N. J., Gottesman, I. I. (2007). Deconstructing schizophrenia: 
An overview of the use of endophenotypes in order to understand a complex disorder. 
Schizophr Bull. 33, 21–32. 
 
Brand, M., Fujiwara, E., Borsutzky, S., Kalbe, E., Kessler, J. and Markowitsch, H. J. (2005a). 
Decision-making deﬁcits of korsakoff patients in a new gambling task with explicit rules: 
associations with executive functions. Neuropsychology, 19, 267-277. 
 
Brand, M., Kalbe, E., Labudda, K., Fujiwara, E., Kessler, J. and Markowitsch, H. J., (2005b). 








Brand, M., Labudda, K., Kalbe, E., Hilker, R., Emmans, D., Fuchs, G., Kessler, J., Markowitsch, 
H.J., (2004). Decision-making impairments in patients with Parkinson’s disease. Behav. Neurol, 
15, 77–85. 
 
Brand, M., Frankie-Sivert, C., Jacoby, G. E., Markowitsch, H. J. and Tuschen-Caffier, B (2007). 
Neuropsychological correlates of decision making in patients with bulimia nervosa. 
Neuropsychology. 21(6), 742-750.  
 
Brand, M., Roth-Bauer, M., Driessen, M. and Markowitsch, H. J. (2008). Executive functions and 
risky decision-making in patients with opiate dependence. Drug and Alcohol Dependence. 97, 
64-72. g 
 
Breton, F., Plante, A., Legauffre, C., Morel, N., Ades, J., Gorwood, P., Ramoz, N. and Dubertret, 
C. (2010). The executive control of attention differentiates patients with schizophrenia, their first 
degree relatives and healthy controls. Neuropsychologia, 
doi:10.1016/j.neuropsychologia.2010.11.019  
 
Brewerton, T. D., (1995). Toward a unified theory of serotonin dysregulation in eating and 
related disorders. Psychoneuroendocrinology, 20, 551–590 
 
Bruder, C. E., Piotrowski, A., Gijsbers, A. A., Andersson, R., Erickson, S., Diaz de Ståhl, T., 
Menzel, U., Sandgren, J., von Tell, D., Poplawski, A., Crowley, M., Crasto, C., Partridge, E. C., 
Tiwari, H., Allison, D. B., Komorowski, J., van Ommen, G. J., Boomsma, D. I., Pedersen, N. L., 
den Dunnen, J. T., Wirdefeldt, K. and Dumanski, J. Pl. (2008). Phenotypically concordant and 
discordant monozygotic twins display different DNA copy-number variation profiles. The 
American Journal of Human Genetics, 82, 763 
 
Brock, J., Brown, C. C., Boucher, J. and Rippon, G. (2002). The temporal binding deficit 
hypothesis of autism. Development and Psychopathology, 14, 209-224. 
 
Brogan, A., Hevey, D. and Pignatti, R. (2010). Anorexia, bulimia and obesity: Shared decision 
making deficits on the Iowa Gambling Task (IGT). Journal of the International 
Neuropsychological Society. 16. 711-715. 
 
Bulik, C. M., (1991). Family histories of bulimic women with and without comorbid alcohol abuse 






Bulik, C, M. (1987). Alcohol use and depression in women with bulimia. Am. J. Drug Alcohol. 
Abuse, 13, 343–355. 
 
Bulik, C. M., Hebebrand, J., Keski-Rahkonen, J., Klump, K. L., Reichbborn-Kjennerud, T., 
Mazzo, S. E. and Wade, T. D. (2007). Genetic epidemiology endophenotypes and eating 
disorder classification. International Journal of Eating Disorders, DOI 10.1002/eat, 40, 52–60. 
 
Bulik, C. M., Sullivan, P. F. and Kendler, K. S. (1998). Heritability of binge-eating and broadly 
deﬁned bulimia nervosa. Biological Psychiatry, 44, 1210 – 1218. 
 
Bulik, C. M., Sullivan, P. F., Wade, T. and Kendler, K. S. (2000). Twin studies of eating 
disorders: A review. International Journal of Eating Disorders, 27, 1–20. 
 
Bulik, C. M., Sullivan, P., Tozzi, F., Furberg, H., Lichtenstein, P. and Pedersen, N. (2006). 
Prevalence, heritability and prospective risk factors for anorexia nervosa. Arch. Gen. Psychiatry,  
63, 305–311.  
 
Bulik, C. M., Thornton, L. M., Root, T. L., Pisetsky, E. M., Lichtenstein, P. and Pedersen, N. L. 
(2010). Understanding the relation between anorexia nervosa and bulimia nervosa in a swedish 
national twin sample. Biological psychiatry, 67(1), 71-77. 
 
Bulik, C. M., Devlin, B., Bacanu, S. A., Thornton, L., Klump, K. L., Fichter, M. M., Halmi, K. A., 
Kaplan, A. S., Strober, M., Woodside, D. B., Bergen, A. W., Ganiei, J. K., Mitchell, J., Rotondo, 
A., Mauri, M., Cassano, G., Keel, P., Berrettini, W. H. and Kaye, W. H.l (2003). Signiﬁcant 
Linkage on Chromosome 10p in Families with Bulimia Nervosa. Am. J. Hum. Genet. 72:200–
207, 2003 
 
Bucci, P., Galderisi, A., Mucci, A., Bellodi, G. B., Cassano, P., Santonastaso, P., Erzegovesi, S., 
Favaro, A., Mauri, M., Tenconi, E., Monteleone, P. and Maj, M. (2010) Neurocognitive 
functioning in untreated patients with bulimia nervosa: neuroendocrine, personality and clinical 
correlates . European Psychiatry. 25 (1), 1006. 
 
Burgess, P. W. and Shallice, T. (1997) The Hayling and Brixton Tests. Bury St Edmunds, UK, 
Thames Valley Test Co. 
 
Button, E. J., Benson, E., Nollett, C. and Palmer, R. L. (2005). Don’t forget EDNOS (eating 
disorder not otherwise specified): patterns of service use in an eating disorder service. The 






Byford, S., Barrett, B., Roberts, C., Clark, A., Edwards, V., Smethurst, N. and Gowers, S. G. 
(2007). Economic evaluation of a randomised controlled trial for anorexia nervosa in 
adolescents. Br J Psychiatry. 191, 436–40. 
 
Calder, A. J., Lawrence, A. D., and Young, A. W. (2001). Neuropsychology of Fear and 
Loathing. Nature Reviews Neuroscience, 2(5), 352-363. 
  
Campana, A., Macciardi, F., Gambini, O. and Scarone, S. (1996). The Wisconsin Card Sorting 
Test (WCST) performance in normal subjects: a twin study. Neuropsychobiology, 34, 14–17.  
  
Campbell, I. C., Mill, J., Uher, R. and Schmidt, U. (2011). Eating disorders, gene-environment 
interactions and epigenetics. Neuroscience ad behavioral reviews. 35 (3), 784-793.  
 
Campbell-Sills, L., Barlow, D. H., Brown, T. A. and Hofmann, S. G. (2006). Effects of 
suppression and acceptance on emotional responses of individuals with anxiety and mood 
disorders. Behaviour Research and Therapy. 44(9), 1251-1263. 
 
Canli, T., Ferri, J. and Duman, E. A. (2009). Genetics of Emotional regulation. Neuroscience, 
164. 43–54. 
 
Catanzaro, S. J., & Mearns, J. (1990). Measuring generalized expectancies for negative mood 
regulation: Initial scale development and implications. Journal of Personality Assessment, 54, 
546–563. 
 
Cardi, V., di Matteo, R., Corfield, F. and Treasure, J. (2011). Social reward and rejection 
sensitivity in eating disorders: an investigation of attentional bias and early experiences. 
(submitted). 
 
Carrasco, X. Rothhammer, R. Moraga, M. Henriquez, H. Chakraborty, R. Aboitiz, F. And 
Rothammer, F. (2006) Genotypic interaction between DRD4 and DAT1 loci is a high risk factor 
for attention deficit/hyperactivity disorder in Chilean families. American Journal of Medical 
Genetics B: Neuropsychiatric Genetics, 141(1), 51–54. 
 
Carver, C. S. & White, T. L. (1994). Behavioral Inhibition, Behavioral Activation, and Affective 
Responses to Impending Reward and Punishment: The BIS/BAS Scales. Journal of Personality 







Cassin, S.E. & von Ranson, K.M. (2005). Personality and eating disorders: a decade in review. 
Clinical Psychology Review, 25, 895–916. 
 
de Castro, J. M. and Lilenfeld, L. (2005). The influence of heredity on dietary restraint, 
disinhibition, and perceived hunger in humans. Nutrition, 21(4), 446-455. 
 
Castaneda, A. E., Tuulio-Henriksson, A., Marttunen, M., Suvisaari, J. & Lönnqvist, J. (2008). A 
review on cognitive impairments in depressive and anxiety disorders with a focus on young 
adults. Journal of Affective Disorders, 106, 1-27. 
 
Castro-Fornieles, J., Bargallo, N., Lazaro, L., Andres, S., Falcon, C., Plana, M. T. And Junque, 
C. (2009). A cross-sectional and follow-up voxel-based morphometric MRI study in adolescent 
anorexia 
nervosa. Journal of Psychiatric Research, 43(3), 331–340 
 
Cavedini, P., Bassi, T., Ubbial, A., Casolari, A., Giordani, S., Zorzi, C. and Bellodi, L. ( 2004 ). 
Neuropsychological investigation of decision- making in anorexia nervosa. Psychiatry Research, 
127, l259–1266 . 
 
Cavedini, P., Zorzi, C., Bassi, T., Gorini, A., Baraldi, C., Ubbiali, A. and Bellodi, L. ( 2006 ). 




Cavedini, P., Zorzi, C., Piccinni, M., Cavallini, M. C. and Bellodi, L. (2010). Executive 
dysfunctions in obsessive compulsive patients and unaffected relatives: Searching for a new 
intermediate phentoype. Biological Psychiatry, 67. 1178-1184.  
 
Chou, L., Kuo, P., Lin, C. C. H. and Chen, W. J (2010). Genetic and environmental influences 
on the Wisconsin card sorting test performance in healthy adolescents: A twin/sibling study. 
Behavioural Genetics. 40, 22-30. 
 
Cicerone, K. D. (2002). Remediation of “working attention” in mild traumatic brain injury. Brain 
Injury, 16, 185–195. 
  
Claes, L., Robinson, M.D., Muehlenkamp, J. J., Vandereycken, W. and Bijttebier, P. (2009). 






temperament, effortful control and cognitive control. Personality and Individual Differences. 48. 
166-170. 
 
Claes, L., Vandereycken, W. and Vertommen, H. (2001). Self-injurious behaviours in eating 
disordered patients. Eating behaviours, doi:10.1016/S1471-0153(01)00033-2,  2(3). 263-272.  
 
Clausen L. (2008). Time to remission for eating disorder patients: A 2(1/2)-year follow-up study 
of outcome and predictors. Nord J Psychiatry. 62:151–159. 
 
Clinton, D. and Norring, C. (2005). The comparative utility of statistically derived eating disorder 
clusters and DSM-IC diagnoses: Relationship to symptomatology and psychiatric comorbidity at 
intake and follow-up. Eating behaviours. 6, 403-418.  
 
Cloninger, C.R., (1987). A systematic method for clinical description and classification of 
personality variants. a proposal. Archives of General Psychiatry 44 (6), 573–588 
 
Cloninger, C.R., Svrakic, D.M. and Przybeck, T.R. (1993). A psychobiological model of 
temperament and character. Archives of General Psychiatry 44, 975–990. 
 
Cohn, L., & Lemberg, R. (1998). Eating disorders: A reference sourcebook. New York: Oryx 
Press. 
 
Collier, D. A. & Treasure, J. (2004). The aetiology of eating disorders. British Journal of 
Psychiatry, 185, 363-365. 
 
Congdon, E. and Canli, T. (2008). A neurogenetic approach to impulsivity. J Pers, 76(6), 1447-
1484. 
 
Connan, F., Campbell, I. C., Katzman, M., Lightman, S. K. and Treasure, J. (2003). A 
neurodevelopmental model for anorexia nervosa. Physiology & Behavior. 79, 13-24.  
 
Corwin, R. L. (2006). Bingeing rats: A model of intermittent excessive behaviour? Appetite. 
46(1) 11-15 
 
Corwin, R. L. and Hajnal, A. (2005). Too much of a good thing: Neurobiology of non-







Crane, A, M., Roberts, M, E. and Treasure, J. (2007). Are obsessive compulsive personality 
traits associated with a poor outcome in anorexia nervosa? A systematic review of randomized 
controlled trials and naturalistic outcome studies. International Journal of Eating Disorders. 40, 
581–588. 
 
Crawford, J. R., Besson, J. A., Bremner, M., Ebmeier, K. P., Cochrane, R. H., & Kirkwood, K. 
(1992) Estimation of premorbid intelligence in schizophrenia. British Journal of Psychiatry, 161, 
69–74. 
 
Crawford, J.R., Parker, D.M., Stewart, S.E., Besson, J.A.O., & De Lacey, G. (1989). Prediction 
of WAIS IQ with the national adult reading test: cross-validation and extension. British Journal of 
Clinical Psychology, 28, 267–273. 
 
Davis, H., Patte, K., Curtis, C. and Reid, C. (2009). Immediate pleasures and future 
consequences. A neuropsychological study of binge eating and obesity. Appetite. 454, 208-213. 
 
Devlin, B., Daniels, M. & Roeder, K. (1997). The heritability of IQ. Nature.  388, 468–471. 
 
De Boo, H. A. and Harding, J. E. (2006). The developmental origins of adults disease (Barker) 
hypothesis. Australian and New Zealand Journal of Obstetrics and Gynaecology. 46, 4-14.  
 
De Achaval, D., Costanzo,  E. Y. Viallarreal, M., Jauregui, I. O., Chiodi, A., Castro, M. N., 
Fahrer, R. D., Leiguarda, R. C., Chu, E. M. and Guinjoan, S. M. (2009). Emotion processing and 
theory of mind in schizophrenia patients and their unaffected first degree relatives. 
Neuropsychologia. 48(5) 1209-1215. 
 
De Jonge, M. V., Kemner, C. and van Engeland, H. (2006). Superior disembedding 
performance of high-functioning individuals with autism spectrum disorders and their parents: 
the need for subtle measures. J Autism Dev Disord. 36, 677–683. 
 
Devlin, B., Bacanu, S. A., Klump, K. L., Bulik, C. M., Fichter, M. M., Halmi, K. A., Kaplan, A. S., 
Strober, M., Treasure, J., Woodside, D. B., Berrettini, W. H., & Kaye, W. H. (2002). Linkage 
analysis of anorexia nervosa incorporating behavioral covariates. Human Molecular Genetics, 
11, 689–696. 
 
Dougherty, D. M., Mathias, C. W. and Jagar, A. A. (2005). Laboratory Behavioural Measures of 







Doyle, A. E., Ferreira, M. A., Sklar, P. B., Lasky-Su, J., Petty, C., Fusillo, S. J., Seidman, L. J., 
Willcutt, E. G., Smoller, J. W., Purcell, S., Biederman, J. and Faraone, S. V. (2008), Multivariate 
genomewide linkage scan of neurocognitive traits and ADHD symptoms: Suggestive linkage to 
3q13. American Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 
doi: 10.1002/ajmg.b.30868. 147B, 1399–1411.  
 
Doyle, A. E., Wozniak, J., Wilens, T. E., Henin, A., Seidman, L. J., Petty, C., Fried, R., Gross, L. 
M., Faraone, S. V., Biederman, J., (2009). Neurocognitive impairment in unaffected siblings of 
youth with bipolar disorder. Psychol Med, doi:10.1017/S0033291708004832. 39(8), 1253–1263.  
 
Dreschler, R., Rizzo, P. and Steinhausen, H-C. (2008). Decision making on an explicit risk-
taking task in preadolscents with attention-deficit hyperactivity disorder. J Neural Transm. 115, 
201-209. 
 
Drewnowski, A., Pierce, B. and Halmi, K. A. (1988). Fat aversion in eating disorders. Appetite, 
10, 119–131. 
 
Duncan, A. E., Neuman, R. J., Kramer, J., Kuperman, S., Hesselbrock, V., Reich, T. and 
Bucholz, K. K. (2005). Are there subgroups of bulimia nervosa based on comorbid psychiatric 
disorders?. International Journal of Eating Disorders, doi: 10.1002/eat.20066. 37, 19–25.  
 
Dunn, E. C., Larimer, M. E. and Neighbors, C. (2002), Alcohol and drug-related negative 
consequences in college students with bulimia nervosa and binge eating disorder. International 
Journal of Eating Disorders, doi: 10.1002/eat.10075. 32, 171–178.  
 
Eddy, K. T., Keel, P. K., Dorer, D. J., Delinsky, S. S., Franko, D. L., Herzog, D.B.(2002). 
Longitudinal comparison of anorexia nervosa subtypes. Int J Eat Disord. 31, 191–201. 
 
Eddy, K. T., Dorer, D. J., Franko, D. L., Tahilani, K., Thompson-Brenner, H. & Herzog, D. B. 
(2008). Diagnostic crossover in anorexia nervosa and bulimia nervosa: Implications for DSM-V. 
American Journal of Psychiatry. 165, 245-250. 
 
Eisen, S.A., Lin, N., Lyons, M. J., Scherrer, J. F., Griffith, K., True, W. R., Goldberg. J. and 
Tsuang, M. T. (1998). Familial influences on gambling behavior: an analysis of 3359 twin pairs. 







Eisler, I., Simic, M., Russell, G. F. and Dare, C. A. (2007). Randomised controlled treatment trial 
of two forms of family therapy in adolescent anorexia nervosa: A five-year follow-up. J Child 
Psychol Psychiatry, 48, 552–560. 
 
Ekman, P., and Friesen, W.V. (1976). Measuring facial movement. Environ Psychol Nonverb. 
Behav, 1, 56–75. 
 
Elliot, R., Newman, J. L., Longe, N. O. A. and Deakin, W. (2003). Differential response patterns 
in the striatum and orbitofrontal cortex in financial reward in humans: A parametric functional 
magnetic resonance imaging study. The journal of neuroscience. 23(1), 303-307. 
 
Enoch, M. A., Kaye, W. H., Rotondon, A., Greenberg, B. D., Murphy, D. L. and Goldman, D. 
(1998). 5-HT2A promoter polymorphism-1438G/A, anorexia nervosa, and obsessive-compulsive 
disorder. Lancet. 351(9118) 1785-6. 
 
Eppinger, B., Hammerer, D. and Li, S-C. (2011). Neuromodulation of reward-based learning 
and decision making in human aging. Ann N Y Acad Sci. 1235 (1). 1-17. 
 
Eshkevari, E., Riger, E., Longo, M. R., Haggard, P. and Treasure, J. (2011). Increased plasticity 
of the bodily self in eating disorders. Psychological Medicine. DOI: 
10.1017/S003329171100209.   
  
Eslinger, P. J., & Grattan, L. M. (1993). Frontal lobe and frontal-striatal substrates for different 
forms of human cognitive flexibility. Neuropsychologia, 31(1), 17-28. 
 
Evenden, J. L. (1999) Varieties of impulsivity. Psychopharmacology (Berl), 146(4), 348–361.   
 
Fahy, T. and Eisler, I. (1993). Impulsivity and eating disorders. The British Journal of Psychiatry, 
10.1192/bjp.162.2.193162, 193-197.  
 
Fairburn, C. G. and Cooper, Z. (2007). Thinking afresh about the classiﬁcation of eating 
disorders. International Journal of Eating Disorders. 40, S107–S11. 
 
Fairburn, C. & Cooper, Z. (1993). The eating disorder examination. In: Fairburn, C. G. and 








Fairburn, C. G., Cooper, Z., & Shafran, R. (2003). Cognitive behaviour therapy for eating 
disorders: A  transdiagnostic” theory and treatment. Behaviour Research and Therapy, 41, 509-
528. 
 
Fairburn, C. G. & Harrison, P. J. (2003). Eating disorders. Lancet, 361, 407-416. 
 
Faraone, S. V., Doyle, A. E., Mick, E., Biederman, J.. (2001). Meta-analysis of the association 
between the 7-repeat allele of the dopamine D(4) receptor gene and attention deficit 
hyperactivity disorder. American Journal of Psychiatry. 158(7), 1052–1057. 
 
Fassino, S., Svrakic, D., Abbate-Daga, G., Leombruni, P., Amianto, F., Stanic, S. and Rovero, 
G. G. (2002a). Anorectic family dynamics: Temperament and character data. Compr Psychiatry, 
43, 114–120. 
 
Fassino, S., Piero, A., Daga, G. A., Leombruni, P., Mortara, P., & Rovera, G. G. (2002b). 
Attentional biases and frontal functioning in anorexia nervosa. International Journal of Eating 
Disorders, 31(3), 274-283. 
 
Fassino, S., Amianto, F., Daga, G., Leombruni, P., Garzaro, l., Levi, M. and Rovero, G. G. 
(2003). Bulimic family dynamics: Role of parents’ personality— A controlled study with the 
temperament and character inventory. Compr Psychiatry, 44, 70–77. 
 
Favarro, A., Zanetti, T., Tenconi, E., Degortes. D., Ronzan, A., Veronese, A., Santonastaso, P. 
(2005).  The relationship between temperament and impulsive behaviours in eating disordered 
subjects. Eating disorders. 13(1). 61-70. 
 
Favaro, A., Silvia, F. and Santonastaso, P. (2007). Self-injurious behaviour in a community 
sample of young women: Relationship with childhood abuse and other types of self damaging 
behaviours. The journal of clinical psychiatry. 68(1) 122-131. 
 
Favaro, A. and Santonastaso, P. (2010). Prenatal stress, obstetric complications and executive 
functionin in anorexia nervosa: Eating disorders research society. Boston. 
 
Favaro, A. and Santonastaso, P. (2008). Prenatal and perinatal risk factors in eating disorders: 







Fernandez-Aranda, F., Jiminez-Murcia, S., Alvarez-Moya, E. M., Granero, R., Vallejo, J. and 
Bulik, C. M. (2006). Impulse control disorders in eating disorders: clinical and therapeutic 
implications. Comprehensive psychiatry. 47(6), 482-488. 
 
Fairburn, C.G. and Beglin, S. J. (1994). The assessment of eating disorders: Interview or self-
report questionnaire? International Journal of Eating Disorders, 16, 363-370. 
 
Fernandez-Aranda, F., Pinheiro, A. P., Thornton, L. M., Berrettini, W, H., Crow, S., Fichter, M. 
M., Halmi, K. A., Kaplan, A, S., Keel, P., Mitchell, J., Rotondo, A., Strober, M., Woodside, B., 
Kaye, W. H. and Bulik, C. M. (2008). Impulse control disorders in women with eating disorders. 
Psychiatry Research. 157(1-3), 147-157. 
 
Fichter, M. M. and Quadflieg, N. (2004). Twelve-year course and outcome of bulimia nervosa. 
Psychol Med, 34, 1395–1406 
 
Fichter, M. M., Quadflieg, N. and Hedlund, S. (2006). Twelve-year course and outcome 
predictors of anorexia nervosa. Int J Eat Disord. 39, 87-100. 
 
Fichter, M. M., Quadflieg, N. and Hedlund, S. (2008). Long-term course of binge eating disorder 
and bulimia nervosa: Relevance for nosology and diagnostic criteria. Int J Eat Disord, 41, 577–
586. 
 
Field, A. E., Corliss, H. L., Skinner, H. H. and Horton, N. J. (2011) Weight gain and the 
development of overweight depressive symptoms, binge drinking and substance use. In 
Wonderlich, S. A., Walsh, T. A. and Mitchell, J. E. eds. Developing and evidence based 
classification of eating disorders: Scientific findings for DSM-5. 77. 
 
Figee, D., Vink, M., de Geus, F., Vulink, N., Veltman, D. J., Westenberg, H. and Denys, D. 
(2010). Dysfunctional reward circuitry in obsessive-compulsive disorder. Biological Psychiatry. 
doi:10.1016/j.biopsych.2010.12.003, 69. 867-874. 
 
First, M. B., Pincus, H. A., Levine, J. B., Williams, J. B., Ustun, B., Peele, R., (2004). Clinical 
utility as a criterion for revising psychiatric diagnoses. American Journal of Psychiatry, 161, 
946–954. 
 
Fischer, S., Smith, G. T., & Anderson, K. G. (2003). Clarifying the Role of Impulsivity in Bulimia 







Fischer, S., Smith, G. T., & Cyders, M. A., (2008) Another look at impulsivity: A meta-analytic 
review comparing speciﬁc dispositions to rash action in their relationship to bulimic symptoms. 
Clinical Psychology Review, 28, 1413-1425. 
 
Fisher, P. M., Meltzer, C. C., Price, J. C., Coleman, R. L., Ziolko, S. K., Becker, C.,  Moses-
Kolko, E. L., Berga, S. L. and Hariri, A. R. (2009). Medial Prefrontal Cortex 5-HT2A Density Is 
Correlated with Amygdala Reactivity, Response Habituation, and Functional Coupling Cerebral. 
Cortex. 2499—2507 
 
Flament, M. F. and Godart, N. (1995). Social phobia: a risk factor for eating disorders? 
European Neuropsychopharmacology. 5(3), 360.  
 
Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G. & Salkovskis, P. M. 
(2002). The Obsessive-Compulsive Inventory:  development and validation of a short version. 
Psychological Assessment, 14(4), 485-495. 
 
Foley, D. L., Thacker, L. R., Aggen, S. H., Neale, M. C. and Kendler, K. S. (2001), Pregnancy 
and perinatal complications associated with risks for common psychiatric disorders in a 
population-based sample of female twins. American Journal of Medical Genetics, 
doi: 10.1002/ajmg.1402, 105, 426–431.  
 
Forster, K. I, & Forster, J. C. (2003). DMDX: A Windows display program with millisecond 
accuracy. Behavior Research Methods, Instruments & Computers. 35, 116- 124. 
 
Fox, E., Ridgewell, A. and Ashwin, C. (2009) Looking on the bright side: biased attention and 
the human serotonin transporter gene. Proc Biol Sci. 276, 1747–1751 
 
Frank, G. K. W. and Kaye, W. H. (2012). Current status of functional imaging in eating 
disorders. International Journal of Eating Disorders.1-14. 
 
Frank, G., Wagner, A., Brooks-Achenbach, S., McConaha, C., Skovira, K., Aizenstein, H., 
Carter, C. S. and Kaye, W. H. (2006). Altered brain activity in women recovered from bulimic 
type eating disorders after a glucose challenge. A pilot study. International Journal of Eating 
Disorders.39, 76–79 
 
Frantom, L. V., Allen, D. N. and Cross, C. L. (2008). Neurocognitive endophenotypes for Bipolar 







Freathy, R. M., Mook-Kanamori, D. O., Sovio, U., Prokopenko, I., Timpson, N. J., Berry, D. J. et 
al. (2010). Variants in ADCY5 and near CCNL1 are associated with fetal growth and birth 
weight. Nature genetics. 42(5), 430-435. 
 
Frith, C. D. (2004). Is autism a disconnection disorder? Lancet Neurology. 3, 577. 
 
Gadas, M., Skalska, J., Remberk, B., Namyslowska, I.,  Siewierska, A. and Krempa-
Kowalewska, A., (2009). Cognitive impairments in adolescents with eating disorders and 
schizophrenia. Postepy Psychiatrii i Neurologii. 18 (1) 59-66 
 
Garavan, H., Ross, T. J., Murphy, K., Roche, R. A.P. and Stein, E. A., (2002). Dissociable 
executive functions in the dynamic control of behaviour: inhibition, error detection and 
correction. NeuroImage. 17. 1820-1829. doi:10.1006/nimg 
 
Garcia-Rodriquez, B., Fusari, A., Fernandez-Guinea, D., Frank, A., Molina, J..A. and Ellgring, H. 
(2011) Decline of executive processes affected identification of emotional facial expression in 
aging. Curr Aging Sci.  4 (11). 70-5.  
 
Garner, D. M. (1991). Eating disorder inventory-2. Professional manual. Odessa, FL: 
Psychological Assessment Research, Inc. 
 
Garner, D. M. and Garfinkel, P. E. (1979). The eating attitudes test: an index of the symptoms of 
anorexia nervosa. Psychological Medicine. 9, 273-279 
 
Garner, D. M. (2004). Eating Disorder Inventory-3. Professional Manual. Lutz, FL: Psychological 
Assessment Resources, Inc. 
 
Garner, D. M., Olmsted, M. P. & Polivy, J. (1983). Development and validation of a 
multidimensional EDI for anorexia nervosa and bulimia. International Journal of Eating 
Disorders, 2, 15–34. 
 
Gaudio, S., Nocchi, F., Franchin, T., Genovese, E., Cannata, V., Longo, D. and Fariello, G.  
(2011). Gray matter decrease distribution in the early stages of Anorexia Nervosa restrictive 
type in adolescents. Psychiatry Research, 191(1), 24–30. 
 
Genders R., & Tchanturia, K. (2010). Cognitive Remediation Therapy (CRT) for anorexia in 







Gillberg, I. C., Rastam, M., Gillberg, C. (1994). Anorexia nervosa outcome: six-year controlled 
longitudinal study of 51 cases including a population cohort. J Am Acad Child Adolesc 
Psychiatry, 33, 729–739 
 
Gillberg, C., Rastam, M., & Gillberg, J. (1995). Anorexia nervosa: physical health and 
neurodevelopment at 16 and 21 years. Developmental Medicine & Child Neurology, 36, 567-
575. 
 
Gillberg, I., Gillberg, C., Rastam, M., & Johansson, M. (1996). The cognitive profile of anorexia 
nervosa: A comparative study including a community-based sample. Comprehensive 
Psychiatry, 37(1), 23-30 
 
Glahn, D. C., Curran, J. E., Winkley, A. M., Carless, M. A., Kent, J. W., Charlesworth, J. C., 
Johnson, M. P., Goring, H. H. H., Cole, S. A., Dyer, T. D., Moses, E. K., Olvera, R. L., 
Kochunov, P., Duggirala, R., Fox, P. T., Almasy, L. and Blangero, J. (2012). High dimensional 
endophenotype ranking in the search for major depression risk genes. Biological Psychiatry, 71, 
6-14. 
 
Gleaves, D.H., Lowe, M.R., Snow, A.C., Green, B.A. and Murphy-Eberenz, K.P. (2000) 
Continuity and Discontinuity Models of Bulimia Nervosa: A Taxometric Investigation. Journal of 
Abnormal Psychology, 109(1), 56-68. 
 
Godart, N. T., Flament, M. F., Lecrubier, Y., & Jeammet, P. (2000). Anxiety disorders in 
anorexia nervosa and bulimia nervosa: co-morbidity and chronology of appearance. 
European Psychiatry, 15, 38–45. 
 
Godart, N., Berthoz, S., Rein, Z., Perdereau, F., Lang, F., Venisse, J. L., Halfon, O., Bizouard, 
P., Loas, G., Corcos, M., Jeammet, P., Flament, M., & Curt, F. (2006). Does the frequency of 
anxiety and depressive disorders differ between diagnostic subtypes of anorexia nervosa and 
bulimia? International Journal of Eating Disorders, 39(8), 772-778. 
 
Godart, N., Berthoz, S., Perdereau, F. and Jeammet, P. (2006). Comorbidity of anxiety with 
eating disorders and OCD. Am J Psychiatry. 163: 326 doi: 10.1176/appi.ajp.163.2.326 
 
Godart, N. T., Perdereau, F., Rein, Z., Berthoz, S., Wallier, J., Jeammet, Ph. and Flament, M .F. 
(2007). Comorbidity studies of eating disorder and mood disorder. Critical review of the 







Golan, O., Baron-Cohen, S. and Hill, J. (2006). The Cambridge Mindreading (CAM) Face- Voice 
Battery: Testing complex emotion recognition in adults with and without Asperger syndrome. 
Journal of Autism and Developmental Disorders, 36, 169-183. 
 
Goldner, E. M., Srikameswaran, E. S., Schroeder, M.L., Livesley, W. J., & Birmingham, C. L. 
(1999). Dimensional assessment of personality pathology in patients with eating Disorders. 
Psychiatry Research, 85, 151–159. 
 
Gotlib, I. H. and Joormann, J. (2010). Cognition and depression: Current status and future 
directions. Annual Review of Clinical Psychology. 6, 285-312.  
 
Gottesman, I. L., & Gould, T. D. (2003). The endophenotype concept in psychiatry: Etymology 
and strategic intentions. American Journal of Psychiatry, 160, 636-645. 
 
Gottschaldt, K. (1926). Uber den einfluss der erfahrung auf die wahrnehmung vin figur 1, uber 
den einfluss gehaufter eingragung von figuren auf ibre sichbarkeit in umfassenden 
konfigurationen. Psychologische Forschung, 8, 261-317. 
 
Gourovitch, M. L., Torrey, E. F., Gold, J. M., Randolph, C., Weinberger, D. R. and Golderg, T. 
E., (1999). Neuropsychological performance of monozygotic twins discordant for bipolar 
disorder. Biological Psychiatry. 45(5) 639-646.  
 
Grant, D. A., & Berg, E. A. (1984). A behavioural analysis of degree of reinforcement and ease 
of shifting to new responses in a weigl-type card sorting problem. Journal of Experimental 
Psychology, 38, 404-411. 
 
Gratz, K. L., & Roemer, L. (2004). Multidimensional assessment of emotion regulation and 
dysregulation: Development, factor structure, and initial validation of the difficulties in emotion 
regulation scale. Journal of Psychopathology and Behavioral Assessment, 26(1), 41-54. 
 
Gray, J. A. (1970). The psychophysiological basis of introversion-extraversion. Behaviour 
Research and Therapy. 8, 249-266 
 
Gross, J. J. (2002). Emotion regulation: Affective, cognitive, and social consequences.  







Gross, J. J. (1998). Antecedent- and response-focused emotion regulation: divergent 
consequences for experience, expression, and physiology. Journal of Personality and Social 
Psychology, 74, 224 –237. 
 
Gross, J. J., & John, O. P. (2003). Individual differences in two emotion regulation processes: 
Implications for affect, relationships, and well-being. Journal of Personality and Social 
Psychology, 85, 348–362. 
 
Grinspoon, S., Gulick, T., Askari, H., Landt, M., Lee, K., Anderson, E., Ma, Z., Vignati, L., 
Bowsher, R., Herzog, D., Klibanski, A. (1996). Serum leptin levels in women with anorexia 
nervosa. J Clin Endocrinol Metab, 81, 3861–3. 
 
Gull, W. W. (1868). Anorexia Nervosa. Lancet, ii, 171-176. 
 
Habermas, T. (1989).The psychiatric  history of  anorexia  nervosa  and bulimia nervosa: Weight 
concerns and bulimic symptoms in early case reports. International Journal of Eating Disorders, 
8, 259 -273  
  
Hack, M., Youngstrom, E. A., Cartar, L., Schluchter, M., Taylor, H. G., Flannery, D., Klein, N. 
and Borawski (2004). Behavioral outcomes and evidence of psychopathology among very low 
birth weight infants at age 20 years. Pediatrics. 114, 932–940. 
 
Hallerback, M. U., Lugnegard, T., Hjarthag, F., & Gillberg, C. (2009). The Reading the Mind in 
the Eyes Test: Test-retest reliability of a Swedish version. Cognitive Neuropsychiatry, 14(2), 
127-143. 
 
Halmi, K. A., Strober, M., Berthod, S., Bellave, D., Berrettini, W., Brandt, H. A., Bulik, C. M., 
Crawford, S., Fichter, M. M., Johnson, C. L., Kaplan, A., Kaye, W. H., Mitchell, J. E., Thornton, 
L., Treasure, J., and Woodside, D. B., (2011) Early childhood perfectionism: An examination of 
early perfectionism across anorexia nervosa subtypes. (submitted) 
 
Happe, F. (1997). Central coherence and theory of mind in autism: Reading homographs in 
context. British Journal of Developmental Psychology, 15, 1-12. 
 
Happe, F. and Booth, R. (2008). The power of the positive: revisiting weak coherence in autism 







Happe, F., Briskman, J., & Frith, U. (2001). Exploring the cognitive phenotype of autism: Weak 
"central coherence" in parents and siblings of children with autism: I. Experimental tests. Journal 
of Child Psychology and Psychiatry, 42(3), 299-307. 
 
Hariri, A. R., Bookheimer, S. Y. and Mazziotta, J. C. (2000). Modulating emotional responses: 
effects of a neocortical network on the limbic system. Neuroreport, 11, 43–8. 
 
Hariri, A. R., Mattay, V. S., Tessitore, A., Kolachana, B., Fera, F., Goldman, D., Egan, M. F. and 
Weiberger, D. R. (2002) Serotonin transporter genetic variation and the response of the human 
amygdala. Science, 297, 400–403. 
 
Harrison, A., Sullivan, S., Tchanturia K., & Treasure, J. (2009). Emotion recognition and 
regulation in anorexia nervosa. Clinical Psychology and Psychotherapy, 16(4), 348-356. 
 
Harrison, A. (2010).  Emotional functioning and cognitive styles in eating disorders. Thesis 
(PhD), Institute of Psychiatry, Kings College London. 
 
Harrison, A., O’Brien., Lopez, C., Treasure, J. (2010a). Sensitivity to reward and punishment in 
eating disorders.  Psychiatry research, 177(1), 1-11. 
 
Harrison, A., Sullivan, S., Tchanturia. K. and Treasure, J. (2010b): Emotional Functioning in 
Eating Disorders: Attentional Bias, Emotion Recognition and Emotion Regulation. Psychological 
Medicine, doi:10.1017/S0033291710000036. 
 
Harrison, A., Sullivan, S., Tchanturia, K. and Treasure, J., (2010c). Attentional bias, emotion 
recognition and emotion regulation in anorexia: state or trait? Biol. Psychiatry, 68 (8), 755–761. 
 
Harrison, A., Treasure, J. and Smillie, L, D. (2010d) Approach and avoidance motivation in 
eating disorders. Psychiatry Research. doi:10.1016/j.psychres.2011.04.022  
 
Harrison, A., Tchanturia, K. & Treasure, J. (2011). Measuring state trait properties of detail 
processing and global integration ability in eating disorders. The World Journal of Biological 
Psychiatry. 1-11.  
 
Harrison, A., Macare, C., Cardi, V., Kanakam, N. and Treasure, J.(unpublished data). 







Hartmann, A., Zeeck, A., & Barrett, M. S. (2009). Interpersonal Problems in Eating Disorders. 
International Journal of Eating Disorders. DOI: 10.1002/eat.20747. 
 
Hassel, S., Almeida, J. R., Rank, E., Versace, A., Nau, S. A., Klein, C. R., Kupfer, D. J. and 
Phillips, M. L. (2009) Prefrontal cortical and striatal activity to happy and fear faces in bipolar 
disorder is associated with comorbid substance abuse and eating disorder. Journal of affective 
disorder. 118. 19-27. 
 
Hatch, A., Madden, S., Kohn, M. R., Clarke, S., Touyz, S., Gordon, E., Williams, L. M. (2010) In 
ﬁrst presentation adolescent anorexia nervosa, do cognitive markers of underweight status 
change with weight gain following a refeeding intervention? International Journal of Eating 
disorders. 43, 295–306 
 
Hayes, S. C., Strosahl, K. D., Wilson, K. G., Bissett, R. T., Pistorello, J.,Toarmino, D., Polusny, 
M., A., Dykstra, T. A., Batten, S. V., Bergan, J., Stewart,S. H., Zvolensky, M. J., Eifert, G. H., 
Bond, F. W., Forsyth J. P., Karekla, M.,&amp; McCurry, S. M. (2004). Measuring experiential 
avoidance: A preliminary test of a working model. The Psychological Record, 54, 553-578. 
 
Heatherton, T. F., & Baumeister, R. F. (1991). Binge eating as escape from self awareness. 
Psychological Bulletin, 110, 86-108. 
 
Heaton, R. K., Chelune, G. J., Talley, J. L., Kay, G., & Curtiss, G. (1993). Wisconsin Card 
Sorting Test (Version Computer version 4). Odessa, FL: Psychological Assessment Resources. 
 
Helder, S. G. and Collier, D. A. (2011). The genetics of eating disorders. Current topics in 
behavioral neurosciences. 6, 157-175.  
 
Herzog, D. B., Sacks, N. R., Keller, M. B., Lavori, P. W., von Ranson, K. M. & Gray, H. M. 
(1993). Patterns and predictors of recovery in anorexia nervosa and bulimia nervosa. Journal of 
the American Academy of Child & Adolescent Psychiatry, 32, 835-842. 
 
Hill, S. Y., Kostelnik, B., Holmes, B., Goradia, D., McDermott, M., Diwadkar, V. And Keshavan, 
M. (2007). fMRI BOLD Response to the Eyes Task in Offspring From Multiplex Alcohol 
Dependence Families. Alcoholism. Clinical and experimental research, 31(12).  
 
Hilbert, A., Saelens, B. E., Stein, R. I., Mockus. D. S., Welch, R. R., Matt, G. E. and Willfey, D. 
E. (2007). Pretreatment and process predictors of outcome in interpersonal and cognitive 







Hjern, A., Lindberg, L. and Lindblad, F. (2006) Outcome and prognostic factors for adolescent 
female in-patients with anorexia nervosa: 9-to 14-year follow-up. Br J Psychiatry, 189, 428–32. 
 
Hoek, H. (2006). Incidence, prevalence and mortality of anorexia nervosa and other eating 
disorders. Current Opinion in Psychiatry, 19, 389-394. 
 
Hoek, H. & van Hoeken, D. (2003). Review of prevalence and incidence of eating disorders. 
International Journal of Eating Disorders, 34, 383-396. 
 
Holland, A. J., Sicotte, N. and Treasure, J. (1988) Anorexia nervosa: Evidence for a genetic 
basis. Journal of Psychosomatic Research, 32(6) 561-571 
 
Holsen, L., Lawson, E., Blum, J., Eunice, K., Makris, N., Fazeli, P. K., Klibanski, A. and 
Goldstein, J. M. (2011). Food motivation circuitry hypoactivation related to hedonic and 
nonhedonic aspects of hunger and satiety in women with active anorexia nervosa and weight-
restored women with anorexia nervosa. Journal of Psychiatry and Neuroscience. DOI: 
10.1503/jpn.110156 
 
Hudson, J. I., Hiripi, E., Pope, H. G. Jr. and Kessler, R.C. (2007) The prevalence and correlates 
of eating disorders in the National Comorbidity Survey Replication. Biol Psychiatry, 61: 348–58. 
 
Hudson, J., Mangweth, B., Pope, H., De Col, C., Hausmann, A., Gutweniger, S., Laird, N. M., 
Biebl, W. and Tsuang, M. T. (2003). Family study of affective spectrum disorder. Arch Gen 
Psychiatry, 60, 170–177. 
 
Hur, Y, M. and Bouchard, T. J. Jr. (1997). The genetic correlation between impulsivity and 
sensation seeking traits.Behavior Genetics, 27(5), 455–463.   
 
Hur, Y., McGue, M. and Lacano, W. G. (1995). Unequal rate of monozygotic and like-sex 
dizygotic twin birth: Evidence from the Monozygotic twin family study. Behavior Genetics. 25(4) 
337-340. 
 
Ibanez, A., Manes, F., Cetkovich, M., Hurtado, E. and Reyes, M. M. (2010) Context-sensitive 
social cognition is impaired in schizophrenic patients and their healthy relatives. Schizophrenia 







Indredavik, M.S., Vik, T., Heyerdahl, S., Kulseng, S. and Brubakk, A. M. (2005). Psychiatric 
symptoms in low birth weight adolescents, assessed by screening questionnaires. Eur Child 
Adolesc Psychiatry. 14, 226–236 
 
Jackson, C. J., & Smillie, L. D. (2004). Appetitive motivation predicts the majority of personality 
and an ability measure: A comparison of BAS measures and a re-evaluation of the importance 
of RST. Personality and Individual Differences, 36, 1627-1636. 
 
Jacobi, C., Fittig, E., Bryson, S. W.,  Wilfley, D., Kraemer, H. C. and Barr Taylor, C. (2011). Who 
is really at risk? Identifying risk factors for subthreshold and full syndrome eating disorders in a 
high risk sample. Psychological Medicne. 41. 1939-1949.  
 
Jacobi, C., Hayward, C., de Zwaan, M., Kraemer, H. C., & Agras, W. (2004). Coming to terms 
with risk factors for eating disorders: application of risk terminology and suggestions for a 
general taxonomy. Psychological Bulletin, 130(1), 19-65. 
  
Jacobs, M. J., Roesch, S., Wonderlich, S. A., Crosby, R., Thornton, L., Wilﬂey, D. E., Berrettini,  
W. H., Brandt, H., Crawford, S., Fichter, M. M., Halmi, K. A., Johnson, C., Kaplan, A. S., Lavia, 
M., Mitchell, J. E., Rotondo, A., Strober, M., Woodside, D. B., Kaye, W. H. and Bulik, C. M. 
(2009). Anorexia nervosa trios: behavioral proﬁles of individuals with anorexia nervosa and their 
parents. Psychological Medicine, 39, 451–461. 
 
Jappe, L. M., Frank, G. K. W., Shott, M. E., Rollin, M. D. H., Pryor, T., Hagman, J. O., Yang, T. 
T. and Davis, E. (2011). Heightened sensitivity to reward and punishment in anorexia. 
International Journal of Eating disorders. 44. 317-324. 
 
Javaras, K. N., Laird, N. M., Reichborn-Kjennerud, T., Bulik, C.M., Pope, H. G. Jr. and Hudson, 
J. I. (2008) Familiality and heritability of binge eating disorder: results of a case-control family 
study and a twin study. Int J Eat Disord, 41, 174–79. 
 
Joiner, T. E., Heatherton, T. F., Rudd, M. D. and Schmidt, N, B. (1997). Perfectionism perceived 
weight status and bulimic symptoms. Journal of abnormal psychology. 106(1), 145-153.   
 
Jolliffe, T. and Baron-Cohen, S. (1999). A test of central coherence theory: linguistic processing 
in high-functioning adults with autism or asperger syndrome: is local coherence impaired? 







Joos, A. A., Perlov, E., Buchert, M., Hartmann, A., Saum, B., Glauche, V., Frever, T., Weber-
Fahr, W., Zeeck, A. and Tebartz van Elst, L (2010). Magnetic resonance spectroscopy of the 
anterior cingulate cortex in eating disorders. Psychiatry Research, 191(3), 196–200. 
 
Jones, P. B., Duncan, C., Brouwers, P. & Mirsky, A. (1991). Cognition in Eating Disorders. 
Journal of Clinical and Experimental Neuropsychology, 13, 711-728. 
 
Juselius, S., Kieseppa, T., Kaprio, J., Lonnqvist, J. and Tuulio-Henriksson, A. (2009). Executive 
functioning in twins with bipolar I disorder and healthy cotwins. Archives of Clinical 
Neuropsychology. doi:10.1093/arclin/acp047  
 
Karwautz, A., Rabe-Hesketh, S., Hu, X., Zhao, J., Sham, P., Collier, D. and Treasure, J. (2001). 
Indidviual-specific risk factors for anorexia nervosa: a pilot study using a discordant sister-pair 
design. Psychological medicine, 31, 317-329.  
 
Karwautz, A., Rabe-Hesketh, S., Collier, D. A. and Treasure, J. (2002). Pre-morbid psychiatric 
morbidity, comobidity and personality in patients with anorexia nervosa compared to their 
healthy sisters. European eating disorders review. 10, 255-270 
 
Karwautz, A., Wagner, G., Waldherr, K., Nader, I., Fernandez-Aranda, F., Estivill, X., Holliday, 
J., Collier, D. and Treasure, J. (2011), Gene-environment interaction in anorexia nervosa: 
relevance of non-shared environment and the serotonin transporter gene. Molecular Psychiatry, 
doi:10.1038/mp.2010. 125(16), 590-592.  
 
Kaye, W. H., Bulik, C. M. Thornton, L. Barbarich, N and Masters, K. (2004). Comorbidity of 
anxiety disorder with anxiety and bulimia nervosa. American Journal of Psychiatry. 161, 2215- 
2221.  
 
Kaye, W. (2008). Neurobiology of anorexia and bulimia nervosa. Physiology and Behaviour, 94, 
121–35. 
 
Kaye, W. H., Fudge, J. L. and Paulus, M. (2009). New Insight into symptoms and neurocircuit 
function of anorexia nervosa. Nature reviews. Neuroscience. 10, 573-584. 
 
Kaye, W. H., Lilenfeld, L. R., Plotnicov, K., Merikangas, K. R., Nagy, L., Strober, M., Bulik, C. 
M., Moss, H. and Greeno, C. G. (1996). Bulimia nervosa and substance dependence: 







Keel, P. K. (2007). Purging disorder: Subthreshold variant or full-threshold eating disorder? Int J 
Eat Disord, 40, S89–S94. 
 
Keel, P. K. and Brown, T. A. (2010), Update on course and outcome in eating disorders. 
International Journal of Eating Disorders, doi: 10.1002/eat.20810, 43, 195–204.  
 
Keel, P. K., Dorer, D. J., Eddy, K. T., Franko, D., Charatan, D. L. and Herzog, D. B. (2003). 
Predictors of mortality in eating disorders. Arch Gen Psychiatry. 60, 179-183. 
 
Keel, P. K. & Klump, K. L., (2003). Are Eating Disorders Culture-Bound Syndromes? 
Implications for Conceptualizing Their Etiology. Psychological Bulletin, 129 (5), 747-749. 
 
Keel, P., Klump, K., Miller, K., McGue, M and Lacono, W. (2005). Shared transmission of eating 
disorders and anxiety disorders. Int J Eat Disord, 38, 99–105. 
 
Keel, P. K., Mitchell, J. E., Miller, K. B., Davis, T. L. and Crow, S. J. (2000). Predictive validity of 
bulimia nervosa as a diagnostic category. Am J psychiatry. 157, 136-138.  
 
Keller, M. B., Lavori, P. W., Friedman, B., Nielsen, E., Endicott, J., McDonald- Scott, P. & 
Andreasen, N. C. (1987). The longitudinal interval follow-up evaluation: A comprehensive 
method for assessing outcome in prospective longitudinal studies. Archives of General 
Psychiatry. 44, 540-548. 
 
Kelley, A. E. and Berridge, K. C. (2002). The neuroscience of natural rewards: relevance to 
addictive drugs. J Neurosci. 22, 3306–3311. 
 
Kempthorne O. (1997). Heritability: uses and abuses. Genetica, 99, (4), 109-112. 
 
Kendler, K., S. (2001) Twin Studies of Psychiatric Illness. Arch Gen Psychiatry, 58, 1005-1014. 
 
Kendler, K. S., & Gruenberg, A. M. (1984). An independent analysis of the Danish adoption 
study of schizophrenia. Archives of General Psychiatry, 41, 555-564 
 
Kendler, K. S., Karkowski, L. M., Pedersen, N.C. (2000) Tobacco consumption in Swedish twins 







Keski-Rahkonen, A., Neale, B. M., Bulik, C. M., Pietilainen, K. H., Rose, R. J., Kaprio, J. and 
Rissanen, A. (2005) Intentional weight loss in young adults: Sex-specific genetic and 
environmental effects. Obes Res. 13, 745–753. 
 
Kim, Y., Heo, S, Y., Kang, H., Song, K and Treasure, J. (2010). Childhood Risk Factors in 
Korean Women with Anorexia Nervosa: Two Sets of Case-Control Studies with Retrospective 
Comparisons. International Journal of Eating disorders. 43(7), 589-595.  
 
Kim, Y-R., Kim, J. E. and Kim, M. H (2010). Impaired Set-Shifting Ability in Patients with Eating 
Disorders, Which Is Not Moderated by Their Catechol-O-Methyltransferase Val158Met 
Genotype. Psychiatry Investig. 7, 298-301. 
 
Klemm, S., Schmidt, B., Knappe, S. and Blanz, B. (2006). Impaired working speed and 
executive functions as frontal lobe dysfunctions in young first degree relative of schizophrenic 
patients. European Child Adolescent Psychiatry. 15:400–408 DOI 10.1007/s00787-006-0547-2 
 
Klimes-Dougan, B., Ronsaville, D., Wiggs, E. A. and Martinez, P. E. (2006). Neuropsychological 
functioning in adolescent children of mothers with a history of bipolar disorder or major 
depressive disorder. Biological Psychiatry. 60(1) 957-965.    
 
Klump, K. L., Perkins, P. S., Burt, A., McGue, M. and Lacano, W. G. (2007). Puberty moderates 
genetic influences on disordered eating. Psychological medicine. 37, 627-634. 
 
Klump, K. L., McGue, M., & Lacono, W. G. (2000). Age differences in genetic and 
environmental influences on eating attitudes and behaviors in preadolescent and adolescent 
female twins. Journal of Abnormal Psychology, 109, 239–251. 
 
Klump, K. L., Susiman, J. L., Burt, S. A., McGue, M. and Lacano, W. G. (2009). Genetic and 
environmental influences on disordered eating: An adoption study. J. Abnorm Psychol. 118(4). 
797-805. 
 
Klump, K. L., Wonderlich, S., Lehoux, P., Lilenfeld, L. R. and Bulik, C. (2002). Does 
environment matter? A review of nonshared environment and eating disorders. International 
Journal of Eating Disorders, 31, 118–135.  
 
Koba, T., Shrie, S., & Nabeta, Y. (2002). Impaired performance of wisconsin card sorting test in 







Konstantakopoulos, G., Tchanturia, K., Surguladze, S. A. and David, A. S. (2011). Insight in 
eating disorders: clinical and cognitive correlates. Psychological Medicine 
doi:10.1017/S0033291710002539 
 
Kremen, W. S., Eisen, S. A., Tsuang, M. T. and Lyons, M. J. (2007). Is the Wisconsin Card 
Sorting Test a useful neurocognitive endophenotype? Am J Med Genet B Neuropsychiatr 
Genet. 144, 403–406 
 
Kring, A. M., Smith, D. and Neale, J. M. (1994). Individual differences in dispositional 
expressiveness: development and validation of the emotional l expressivity scale. Journal of 
Personality and Social Psychology. 66(5). 934-949 
 
Krug, I., Pinheiro, A. P., Bulik, C., Jiménez-Murcia, S., Granero, R., Penelo, E., Masuet, C., 
Agüera, Z. and Fernández-Aranda, F. (2009). Lifetime substance abuse, family history of 
alcohol abuse/dependence and novelty seeking in eating disorders: Comparison study of eating 
disorder subgroups. Psychiatry and Clinical Neurosciences, doi: 10.1111/j.1440-
1819.2008.01908.x, 63: 82–87.  
 
Krug, I., Root, T., Bulik, C., Granero, R., Penelo, E., Jimiez-Murcia, S. and Fernandez-Aranda, 
F. (2011). Redefining phenotypes in eating disorders based on personality: A latent profile 
analysis. Psychiatry Research. 18, 439-445. 
 
Kuelz, A. K., Hohagen, F. & Voderholzer, U. (2004). Neuropsychological performance in 
obsessive-compulsive disorder: a critical review. Biological Psychology, 65, 185-236. 
 
Kuhnpast, N., Pollatos, O. and Schandry, R. (2009). Emotional face processing in bulimia 
nervosa: An ERP and source localization study. Society Proceedings / Clinical 
Neurophysiology. 120, e9–e88. 
 
Kulkarni, S., Jain, S., Janardhan Reddy, Y., Kumar, K. J. and Kandavel, T. (2010). Impairment 
of verbal learning and memory and executive function in unaffected siblings of probands with 
bipolar disorder. Bipolar Disorders. doi: 10.1111/j.1399-5618.2010.00857.x. 12: 647–656. 
 
Lee, K. J., Lee, J. S., Kim, S. J., Correll, C. U., Wee, H. Yoo, S. Y., Jeong, J. M., Lee, D. S., 
Lee, S. I., Kwon, J. S. (2008). Loss of asymmetry in D2 receptors of putamen in unaffected 
family members at increased genetic risk of schizophrenia. Acta Psychiatrica Schandinavia. 







Lehoux, P.M., Howe, N. (2007). Perceived nonshared environment, personality traits, family 
factors and developmental experiences in bulimia nervosa. British Journal of Clinical 
Psychology, 46, 47–66. 
 
Leon, G. R., Fulkerson, J. A., Perry, C. L. and Robert, C. (1993). Personality and behavioural 
vulnerabilities associated with risk status for eating disorder in adolescent girls. Journal of 
Abnormal Psychology. 102(3), 438-444. 
 
Leslie, J. R., Imai, F., Fukuhara, K., Takegahara, N., Rizvi, T. A., Friedel, R.H. (2011) Ectopic 
myelinating oligodendrocytes in the dorsal spinal cord as a consequence of altered semaphorin 
6D signaling inhibit synapse formation. Development (Cambridge, England). 138(18), 4085-
4095. 
 
Li, D., Sham, P. C., Owen, M.J. and He, L. (2006). Meta-analysis shows significant association 
between Dopamine system genes and attention deficit hyperactivity disorder (ADHD). Human 
Molecular Genetics, 15(14), 2276–2284.  
 
Liao, P-C., Uher, R., Lawrence, N., Treasure, J., Schmidt, U., Campbell, I.C., Collier, D. and 
Tchanturia, K. ( 2009 ). An examination of decision making in bulimia nervosa. Journal of 
Clinical and Experimental Neuropsychology, 31, 455 – 461. 
 
Liebowitz, M. R. (1987). Social Phobia. Modern Problems of Pharmacopsychiatry, 22, 141-17 
Lien, Y-J., Liu, C-M., Faraone, S. V., Tsuang, M. T., Hwu, H-G., Hsiao, P-C. and Chen, W. J. 
(2010).  A genome wide quantitative trait loci scan of neurocognitive performances in families 
with schizophrenia. Genes, Brain and Behavior, doi: 10.1111/j.1601-183X.2010.00599.x, 9, 
695–702. 
 
Lilenfeld, L., Kaye, W., Greeno, C., Merikangas, K., Plotnikov, K., Pollice, C., Rao, R., Strober, 
M., Bulik, C. M. and Nagy, L. (1998). A controlled family study of restricting anorexia and bulimia 
nervosa: Comorbidity in probands and disorders in first-degree relatives. Arch Gen Psychiatry, 
55, 603. 
 
Lilenfeld, L. R., Wonderlich, S., Riso, L. P., Crosby, R., Mitchell, J. (2006). Eating disorders and 
personality: A methodological and empirical review. Clin Psychol Rev, 26, 299–320. 
 
Lilenfeld, L. R., Ringham, R., Kalarchian, M. A. and Marcus, M. D. (2008). A family history study 







Lopez, C., Stahl, D. and Tchanuria, K., (2010). Estimated intelligence quotient in anorexia 
nervosa: a systematic review and meta-analysis of the literature. Annals of General Psychiatry. 
9:40. http://www.annals-general-psychiatry.com/content/9/1/40 
 
Lopez, C., Tchanturia, K., Stahl, D., Happe, F., Booth, R., Holliday, J., & Treasure, J. (2008a). 
An investigation of central coherence in women with anorexia nervosa. International Journal of 
Eating Disorders, 41(2), 143-152. 
 
Lopez, C. A., Tchanturia, K., Stahl, D., & Treasure, J. (2008b). Weak Central Coherence in 
Eating Disorders: A step towards looking for an endophenotype of eating disorders. Journal of 
Clinical and Experimental Neuropsychology, 4, 1-9. 
 
Lopez, C. A., Tchanturia, K., Stahl, D., & Treasure, J. (2008c). Central coherence in women with 
bulimia nervosa. International Journal of Eating Disorders, 41(4), 340-347. 
  
Lopez, C., Tchanturia, K., Stahl, D., & Treasure, J. (2008d). Central coherence in eating 
disorders: A systematic review. Psychological Medicine, doi:10.1017/S003329170800348638, 
1393-1404. 
 
Lopez, C., Roberts, M. E., Tchanturia, K., & Treasure, J. (2008e). Using neuropsychological 
feedback therapeutically in treatment for anorexia nervosa: Two illustrative case reports. 
European Eating Disorders Review, 16, 1-10. 
 
Losh, M., Adolphs, R.,  Poe, M. D., Coutre, S., Penn, D., Baranek, G. T. and Piven, J. (2009). 
The neuropsychological profile of autism and the broad autism phenotype. Arch Gen Psychiatry, 
doi:10.1001/archgenpsychiatry. 66(5), 518–526. 
 
Losh, M., & Piven, J. (2006). Social-cognition and the broad autism phenotype: Identifying 
genetically meaningful phenotypes. Journal of Child Psychology and Psychiatry, 48, 105-112. 
 
Lovibond, S. H. & Lovibond, P. F. (1995) Manual for the depression anxiety stress scales. 
Psychology Foundation: Sydney. 
 
Lowe, B., Zipfel, S., Buchholz, C., Dupont, Y., Reas, D. L. and Herzog, W. (2001) Long-term 








Lundqvist, D., Flykt, A. & Ohman, A. (1998). The Karolinska Directed Emotional Faces. 
Karolinska Institute: Stockholm. 
 
Maes, H., Neale, M. and Eaves, L. (1997). Genetic and environmental factors in body mass 
index. Behav Genet, 27, 325–351. 
 
Marsh, R., Steinglass, J. E., Gerber, A.J., Graziano O’Leary K, Wang Z, Murphy, D., Walsh, B. 
S. and Petersen, B. S. (2009). Deficient activity in the neural systems that mediate self-
regulatory control in bulimia nervosa. Arch Gen Psychiatry, 66, 51–63. 
 
Mathers, C., Vos, T. & Stevenson, C. (1999). The Australian burden of disease study: 
measuring the loss of health from diseases, injuries and risk factors. MJA. 172, 592-596. 
 
Mathias, J. L. and Kent, P. (1998). Consequences of extreme weight loss and dietary restriction 
in patients with anorexia nervosa. Journal of Clinical Experiment Neuropsychology. 20(4), 548-
564. 
 
Matiax-Cols, D., Wooderson, S., Lawrence, N., Brammer, M. J., Speckens, A. and Phillips, M. L. 
(2004). Distinct neural correlates of washing, checking, and hoarding symptom dimension in 
obsessive compulsive disorder. Arch Gen Psychiatry, 61, 564-576.  
 
Matsunaga, H., Kiriike, N., Nagata, T. and Yamagami, S. (1998). Personality disorders in 
patients with eating disorders in Japan. International Journal of Eating Disorders, 23, 399–408.  
 
Mayer, J. D., Salovey, P., & Caruso, D. (2000). Models of emotional intelligence. In Sternberg, 
R. J. ed. The handbook of intelligence, New York: Cambridge University Press. 396-420. 
 
Mazzeo, S. E., Mitchell, K. S., Bulik, C. M., Aggen, S. H., Kendler, K. S. and Neale, M. C. 
(2009). A twin study of specific bulimia nervosa symptoms. Psychological Medicine. 40, 1203-
1213. 
 
McArney, E. R., Zarcone, J., Singh, P., Michels, J., Welsh, S., Liteer, T., Wang, H. and Klein, J. 
(2010). Restrictive Anorexia Nervosa and Set shifting in adolescents: A biobehavioural 
Interface. Journal of Adolescent Health. 1-3. 
 
McClintock, S. M., Husain, M. M., Greer, T. L. and Cullum, C. M. (2010). Association between 
depression severity and neurocognitive function in major depression disorder: a review and 







McGeorge, P., Phillips, L. H., Crawford, J. R., Garden, S. E., Sala, S. D., Milne, A. B., 
Hamilton, S. and  Callender, J. S. (2001). Using Virtual Environments in the Assessment of 
Executive Dysfunction. Presence: Teleoperators and Virtual Environments. (doi: 
10.1162/1054746011470235). 10(4), 375-383 
 
McLaughlin, E. F., Karp, S.A. and Herzog, D.B. (1985). Sense of ineffectiveness in woman with 
eating disorders: a clinical study of anorexia nervosa and bulimia. International Journal of Eating 
Disorders. 4, 511–523. 
 
Meyer, C., Arcelus, J. and Wright, S. (2009), Accuracy of self-reported weight and height among 
women with eating disorders: A replication and extension study. European Eating Disorders 
Review, doi: 10.1002/erv.950. 17, 366–370. 
 
Micali, N. (2005). Childhood risk factors: Longitudinal continuities and eating disorders. Journal 
of  mental health, doi: 10.1080/09638230500347566, 14(6), 567-574. 
 
Micali, N., Holliday, J., Karwautz, A., Haidvogl, M., Wagner, G., Fernandez-Aranda, A., Baida, 
L., Giminez, R.,Solano, M., Brecejl-Anderluh, M., Mohan, R., Collier, D. and Treasure, J. (2007). 
Childhood Eating and Weight in Eating Disorders: A Multi-Centre European Study of Affected 
Women and Their Unaffected Sisters. Psychotherapy and psychosomatics, DOI: 
10.1159/000101502. 76, 234-241. 
 
Miller, E. K. & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annu. 
Rev. Neurosci., 24, 167–202. 
 
Milner B. (1963). Effects of different brain lesions on card sorting. Arch. Neurol. 9, 90. 
 
Mitchell, K. S., Neale, M. C., Bulik, C. M., Aggen, S. H., Kendler, K. S. and Mazzeo, S. E. 
(2010). Binge eating disorder: a symptom-level investigation of genetic and environmental 
influences on liability. Psychological Medicine, 40, 1899-1906. 
 
Mobbs, O., Ghisletta, P. & Van der Linden, M. (2008). Clarifying the role of impulsivity in dietary 
restraint: A structural equation modelling approach. Personality and Individual Differences. 45, 
602-606. 
 
Monk, C. S., Klein, R. G.,Telzer, E. H., Schroth, E. A., Mannuzza, S., Moulton, J. L., Guardino, 






Amygdala and Nucleus Accumbens Activation to Emotional Facial Expressions in Children and 
Adolescents at Risk for Major Depression. American journal of psychiatry, 165, 90-98. 
 
Monteleone, P., Castaldo, E. and Maj, M. (2008). Neuroendocrine dysregulation of food intake 
in eating disorders. Regulatory Peptides.  
 
Monteleone, P., Martiadis, V., Colurcio, B. and Maj, M. (2002). Leptin secretion is related to 
chronicity and severity of the illness in bulimia nervosa. Psychosom Med, 64, 874–9. 
 
Mottron, L., Peretz, I. and Menard, E. (2000). Local and global processing of music in high 
functioning persons with Autism: Beyond central coherence? Journal of Child Psychology and 
Psychiatry. 41(8), 1057-1065 
 
Mühlau, M., Gaser, C., Ilg, R., Conrad, B., Leibl, C., Cebulla, M. H., Backmund, H., Gerlinghoff, 
M., Lommer, P., Schnebel, A., Wohlschlager, A. M., Zimmer, C. and Nunnemann, S. (2007). 
Gray matter decrease of the anterior cingulated cortex in anorexia nervosa. The American 
Journal of Psychiatry, 164(12), 1850–1857. 
 
Nagai. M., Kishi, K. and Kato, S. (2008). Insular cortex and neuropsychiatric disorders: A review 
of recent literature. European Psychiatry. 22, 387-394 
 
Nakabayashi, K., Komaki, G., Tajima, A., Ando, T., Ishikawa, M., Nomoto, J., Hata, K., Oka, A., 
Inoko, H., Sasazuki, T., (2009). Identification of novel candidate loci for anorexia nervosa at 
1q41 and 11q22 in Japanese by a genome-wide association analysis with microsatellite 
markers. Journal of Human Genetics. doi:10.1038/jhg.2009.74. 54, 531–537. 
 
Nakazato, M., Hashimoto, K., Schmidt, U., Tchanturia, K., Campbell, I. C., Collier, D. A., 
Madaomi, I. and Treasure, J. (2010). Serum glutamine, set shifting ability and anorexia nervosa. 
Annals of general Psychiatry, 9:29 http://www.annals-general-psychiatry.com/content/9/1/29. 
 
Nakazato, M., Hashimoto, K., Shimizu, E., Kumakiri, C., Koizumi, H., Okamura, N., Mitsumori, 
M., Komatsu, N. and Iyo, M. (2003). Decreased level of serum brain-derived neurotrophic factor 
in female patients with eating disorders. Biological Psychiatry. 54(4), 485-490 
 
Nakazato, M., Tchanturia, K., Schmidt, U., Campbell, I. C., Treasure, J., Collier, D. A., 
Hashimoto, K., & Iyo, M. (2008). Brain-derived neurotrophic factor (BDNF) and set-shifting in 







Namyslowska I., Remberk B. and Krempa-Kowalewska A. (2009). Cognitive disorders in 
hospitalized adolescent anorectic and bulimic patients. European Psychiatry. Conference: 17th 
European Psychiatric Association, EPA Congress Lisbon Portugal.  
 
Navon, D. (1977). Forest before trees - precedence of global features in visual perception. 
Cognitive Psychology, 9, 353–83.  
 
Neale, M. C. (1997). Mx: Statistical modeling (2nd ed.). Richmond, VA: Medical College of 
Virginia, Department of Psychiatry. 
 
Neale, M. C., & Miller, M. B. (1997). The use of likelihood-based confidence intervals in genetic 
models. Behavior Genetics, 27, 113–120. 
 
Neale, M. C., Kendler, K. S., Hewitt, J. K., Silberg, J. L., Foley, D. L., Meyer, J. M., Rutter, M., 
Simonoff, E., Pickles, A. and Eaves, L. J. (1998). Assortative mating for major psychiatric 
diagnoses in two population-based samples. Psychological Medicine, 28, 1389–1401. 
 
Nelson, H. E. & Willison, J. (1991). National Adult Reading Test Manual, 2nd edition. NFER-
Nelson: Windsor. 
 
Nicole, S. and Del, Miglio. C. (1997). Abstraction skillfulness in monozygotic and dizygotic twin 
pairs. Acta Genet Med Gemellol, 46, 57– 67. 
 
Nilsson, K. and Ha¨gglo¨f, B. (2005). Long-term follow-up of adolescent onset anorexia nervosa 
in northern Sweden. Eur Eating Disord Rev, 13, 89–100. 
 
Nilsson, E. W., Gillberg, C., Gillberg, C. and Rastam, M. (1999). Ten-year follow up of 
adolescent onset anorexia nervosa: personality disorders. J Am Acad Child Adolesc 
Psychiatry. 38(11), 1389-1395. 
 
Nishiguchi, N., Matsushita, S., Suzuki, K., Marayama, M., Shirakawa, O. and Higuchi, S. (2001). 
Association between 5HT2A Receptor Gene Promoter Region Polymorphism and Eating 
Disorders in Japanese Patients. Biological Psychiatry. 50, 123-128. 
 
Nunn, K., Frampton, I., Gordon, I. and Lask, B. (2008). The fault is not in her parents but in her 
insula – a neurobiological hypothesis of anorexia nervosa. European Eating Disorders Review. 








Ohrmann, P., Kersting, A., Sunslow, T., Lalee-Mentzel, J., Donges, U. S., Feibich, M., Arolt, V., 
Heindel, W. & Pfleidrer, B. (2004). Proton magnetic resonance spectroscopy in anorexia 
nervosa: Correlations with cognition. Neuroreport, 15, 549-553. 
  
Oldershaw, A., Hambrook, D., Tchanturia, K., Treasure, J., & Schimidt, U. (2010). Emotional 
Theory of Mind and Emotional Awareness in Recovered Anorexia Nervosa Patients. 
Psychosomatic Medicine, doi: 10.1097/ PSY.0b013e3181 c6c7ca. 
 
Oldershaw, A., Hambrook, D., Stahl, D., Tchanturia, K., Treasure, J. and Schmidt, U. (2011). 
The socio-emotional processing stream in anorexia nervosa. Neuroscience and Biobehavioral 
Reviews. 35, 970–988. 
 
Osterrieth, P. (1944). Test of Copying a Complex Figure: Contribution to the study of Perception 
and Memory. Archives de Psychologie, 30, 206-356. 
 
Otto, B., Cuntz, U., Fruehauf, E.,Wawarta, R., Folwaczny, C., Riepl, R. L., Heiman, M. L., 
Lehnert, P., Fichter, M. and Tschop, M. (2002). Weight gain decreases elevated plasma ghrelin 
concentrations of patients with anorexia nervosa. Eur J Endocrinol. 145, R5–9. 
 
Ozonoff, S., Rogers, S., Farnham, J. & Pennington, B. (1993). Can standard measures identify 
subclinical markers of autism? Journal of Autism and Developmental Disorders, 23(3), 429-441 
 
Painter, R.C., Osmond, C., Gluckman, P., Hanson, M., Phillips, D.I., Roseboom, T.J., 2008a. 
Transgenerational effects of prenatal exposure to the Dutch famine on neonatal adiposity and 
health in later life. BJOG. 115, 1243–1249 
 
Papadopoulos FC, Ekbom A, Brandt L, Ekselius L. (2009) Excess mortality, causes of death 
and prognostic factors in anorexia nervosa. Br J Psychiatry, 194, 10–7. 
 
Pederson, N.  L., Plomin, R., McClearn, G. E. & Friberg, L. (1988). Neuroticism, extra- version, 
and related traits in adult twins reared apart and reared together. Journal of Personality  and 
Social Psychology, 55, 950-957. 
 
Peeters, H., Gestel, S. V., Vlietinck, R., Derom, C. and Derom, R. (1998). Validation of a 







Pessoa, L., Kastner, S., & Ungerleider, L. G. (2002). Attentional control of the processing of 
neural and emotional stimuli. Brain Research Cognitive Brain Research, 15, 31–45. 
 
Phelps, E. A., Delgado, M. R., Nearing, K. I. and LeDoux, J. E. (2004). Extinction learning in 
humans: role of the Amygdala and vmPFC. Neuron, 43, 897–905. 
 
Phillips, M., Young, A., Senior, C., Brammer, M., Andrew, C., & Calder, A. (1997). A specific 
neural substrate for perceiving facial expressions of disgust. Nature, 389, 495– 498. 
 
Plomin, R. DeFries, J. D, McClearn, G. E. & McGuffin, P. (2001). Behavioral Genetics: A Primer 
4th edition. W.H.Freeman & Co Ltd. 
 
Pollatos, O., Kurz, A-L., Albrecht, J., Schreder, T., Kleemann, A. M., Schopf, V., Kopietz, R., 
Wiesmann, M. and Schandry, R. (2008). Reduced perception of bodily signals in anorexia 
nervosa. Eating Behaviour’s. 9, 381-388. 
 
Pooni, J., Ninteman, J., Bryant-Waugh, R., Nicholls, D. and Mandy, W. (2012). Investigating 
autistic spectrum disorder and autistic traits in early onset eating disorder. International Journal 
of Eating Disorders. 45, 583-591. 
 
Quirk, G. J. & Beer, J. S. (2006). Prefrontal involvement in the regulation of emotion: 
Convergence of rat and human studies. Current Opinions in Neurobiology, 16, 723–727. 
 
Raevuori, A., Jaako, K., Hoek, H., Sihvola, E., Rissanen, A. and Keski-Rahkonen, A (2008). 
Anorexia and bulimia nervosa in same-sex and opposite sex twins: lack of association with twin 
type in a nationwide study of finnish twins. Am J Psychiatry. doi: 
10.1176/appi.ajp.2008.08030362. 
 
Raevuori, A., Keski-Rahkonen, A., Bulik, C. M., Rose, R. J., Rissanen, A. and Kaprio, J. (2006). 
Muscle dissatisfaction in young adult men. Clinical Practice and Epidemiology in Mental Health, 
2:6doi:10.1186/1745-0179-2-6. 
 
Rada, P., Avenda, N. M. and Hoebel, B. D. (2005). Daily bingeing on sugar repeatedly releases 
dopamine in the accumbens shell. Neuroscience, 134, 737- 744. 
 
Rastam, M. (1992). Anorexia nervosa in 51 Swedish adolescents: Premorbid problems and 







Rastam, M., Gillberg, C. and Gillberg, C. (1995). Anorexia Nervosa 6 years after onset: Part 
II.Comorbid psychiatric problems. Comprehensive psychiatry. 35(1) 70-76. 
 
Ratnasuriya, R. H., Eisler, I. Szmuckler, G. I. & Russell, G. F. M. (1991). Anorexia nervosa: 
Outcome and prognostic factors after 20 years. British Journal of Psychiatry. 158, 495-502. 
 
Ravaldi, C., Vannacci, A., Truglia, E., Zucchi, T., Mannucci, E., Rotella, C. M., Faravelli, C. & 
Ricca, V. (2004). The Eating Disorder Examination as a retrospective interview. Eating & Weight 
Disorders 9, 228-231. 
 
Ravizza, S. M. & Carter, C. S. (2008). Shifting set about task switching: Behavioral and neural 
evidence for distinct forms of cognitive flexibility. Neuropsychologia, 46, 2924 - 2935. 
 
Reba, L., Thornton, L., Tozzi, F., Klump, K. L., Brandt, H., Crawford, S., Crow, S., Fichter, M. 
M., Halmi, K. A., Johnson, C., Kaplan, A. S., Keel, P., LaVia, M., Mitchell, J., Strober, M., 
Woodside, D. B., Rotondo, A., Berrettini, W. H., Kaye, W. H. and Bulik, C. M. (2005). 
Relationships between features associated with vomiting in purging-type eating disorders. 
International Journal of Eating Disorders, doi: 10.1002/eat.20189. 38, 287–294. 
 
Rebollo, I. and Boomsma, D. I. (2006). Genetic analysis of anger: Genetic dominance or 
competitive sibling interaction. Behaviour Genetics. DOI: 10.1007/s10519-005-9025-8, 36(2). 
 
Reichborn-Kjennerud, T., Bulik, C., Kendler, K., Maes, H., Roysamb, E., Tambs, K. and Harris, 
J. R. (2003). Gender differences in binge-eating: A population- based twin study. Acta Psychiatr 
Scand. 108:196–202. 
 
Reichborn-Kjennerud, T., Bulik, C., Kendler, K., Roysamb, E., Tambs, K., Harris, J. (2004). 
Undue influence of weight on self-evaluation: A population-based study of gender differences. 
(2004). Int J Eat Disord. 35, 123–132. 
 
Reichborn-Kjennerud, E., Czajkowski, N., Neale, M. C., Orstavik, R. E., Torgersen, S., Tambs, 
K., Roysamb, E., Harris, R. And Kendler K. S. (2007).  Genetic and environmental influences on 
dimensional representations of DSM-IV cluster C personality disorders: a population-based 
multivariate twin study. Psychological medicine. 37, 645-653. 
 
Reitan, R. M. (1955). The relation of the trail making test to organic brain damage. Journal of 







Reuter, M., Schmitz, A., Corr, P. and Hennig, J. (2006). Molecular genetics support Gray’s 
personality theory the interaction of COMT and DRD2 polymorphisms predicts the behavioral 
approach system. International Journal of Neuropsychology. 9. 155-166. 
Rice, J. O., Rochberg, N., Endicott, J.,  Lavori, P. W. and Miller, C. (1992). Stability of 
psychiatric diagnoses: An application to the affective disorders. Arch Gen Psychiatr. 49, 10, 
824-830. 
 
Ridderinkhof, K. R., Span, M. M. and van der Molen, M. W. (2002). Perseverative behaviour 
and adaptive control in older adults: Performance monitoring, rule induction and set shifting. 
Brain and cognition, 49, 382- 401. 
 
Richard, M., Bauer, S. and Kordy, H. (2005).s Relapse in anorexia and bulimia nervosa—A 2.5-
year follow-up study. Eur Eating Disord Rev. 13, 180–190. 
 
Ring, H. A., Baron-Cohen, S., Wheelwright, S., Williams, S. C., Brammer, M., Andrew, C., & 
Bullmore, E. T. (1999). Cerebral correlates of preserved cognitive skills in autism: a functional 
MRI study of embedded figures task performance. Brain, 122(7), 1305-1315. 
 
Robbins, T. W. (2005). Chemistry of the mind: neurochemical modulation of prefrontal cortical 
function. Journal of Comparative Neurology. 493(1), 140–146. 
 
Roberts, M. E., Tchanturia, K., Stahl, D., Southgate, L., & Treasure, J. (2007). A systematic 
review and meta-analysis of set shifting ability in eating disorders. Psychological Medicine, 
37(8), 1075-1081. 
 
Roberts, M., Tchanturia, K. and Treasure, J. (2011). Is attention to detail a similarly strong 
candidate endophenotype for anorexia nervosa and bulimia nervosa? The world journal of 
biological psychiatry.  
 
Roberts, M., Tchanturia, K. and Treasure, J. (2010) Exploring the neurocognitive signature of 
poor set-shifting in anorexia and bulimia nervosa. J Psychiat Res, 44, 964–970. 
 
Roman, T., Schmitz, M., Polanczyk, G., Eizirik, M., Rohde, L. A., Hutz, M. H. (2001). Attention-
deficit hyperactivity disorder: a study of association with both the dopamine transporter gene 







Rose, M., Frampton, I. and Lask, B. (2011) A case series investigating distinct 
neuropsychological profiles in children and adolescents with anorexia nervosa. European Eating 
Disorders Review. 20 (1) , 32-38. 
 
Rosenberg, M. (1965). Society and the Adolescent Self-image. Princeton, NJ: Princeton 
University Press 
 
Rosenthal, R. (1991). Meta-analytic procedures for social research (revised). Sage: Newbury 
Park, CA. 
 
Russell, G. (1979). Bulimia nervosa: An ominous variant of anorexia nervosa. Psychological 
Medicine, 9(3), 429-448. 
 
Russell, T. A., Schmidt, U., Doherty, L., Young, V. & Tchanturia, K. (2009). Aspects of Social 
Cognition in Anorexia Nervosa: Affective and Cognitive Theory of Mind. Psychiatry Research, 
168, 181-185. 
 
Rutherford, J., McGuffin, P., Katz, R. J. and Murray, R. M. (1993). Genetic influences on eating 
attitudes in a normal female twin population. Psychol Med. 23(2), 425-36. 
 
Rybakowski, F., Slopien, A., Dmitrzak-Weglarz, M., Czerski, P., Rajewski, A. and Hauser, J. 
(2006). The 5-HT2A-1438 A/G and 5HTTLPR personality dimensions in adolescent anorexia 
nervosa: association study. Neuropsychbiology. 53(1), 33-39. 
 
Saarni, C. (1990). Emotional competence: How emotions and relationships become integrated. 
In: Thompson, R. A. ed. Nebraska Symposium on Motivation: Socioemotional development. 
Current theory and research in motivation, Lincoln, NE, US: University of Nebraska Press. 36, 
115-182.  
 
Sansa, J., Krug, I., Chamizo, V. D. and Fernandez-Aranda, F. (2009). Is contextual-potentiated 
eating dependent on caloric density food? Psicologica. 30, 203-216. 
 
Schmidt, U. & Treasure, J. (2006). Anorexia nervosa: Valued and visible. A cognitive 
interpersonal maintenance model and its implications for research and practice. British Journal 
of Clinical Psychology, 45, 343-366. 
 
Schmidt, U., Lee, S., Beecham, J., Perkins, S., Treasure, J., Yi, I., Winn, S., Robinson, P., 






Eisler, I. (2007). A randomized controlled trial of family therapy and cognitive behavior therapy 
guided selfcare for adolescents with bulimia nervosa and related disorders. American Journal of 
Psychiatry, 164, 591-598. 
 
Seidman, L. J., Biederman, J., Monuteaux, M. C., Weber, W. and Faraone, S. V. (2000). 
Neuropsychological functioning in nonreferred siblings of children with Attention 
Deficit/hyperactivity disorder. Journal of Abnormal Psychology. 109(2), 252-265. 
 
Seitz, J., Kahraman-Lanzerath, B., Legenbauer, T., Sarrar, L., Herpertz, S., Salbach-Andrae, 
H., Konrad, K. and Herpertz-Dahlmann, B. (2011). Evidence for increased attention 
deficit/hyperactivity disorder in patients with bulimia nervosa. Psychological Medicine. 
 
Serpell, L., Hirani, V., Willoughby, K., Neiderman. and Lask, B. (2006), Personality or 
pathology?: Obsessive-compulsive symptoms in children and adolescents with anorexia 
nervosa. European Eating Disorders Review. 14. 404-413. 
 
Sherman, B. J., Savage, C. R., Eddy, K. T., Blais, M. A., Deckersbach, T., Jackson, S. C., 
Franko, D. L., Rauch, S. L. & Herzog, D. B. (2006). Strategic memory in adults with anorexia 
nervosa: are there similarities to obsessive compulsive spectrum disorders? International 
Journal of Eating Disorders, 39(6), 468- 476. 
 
Singh, H. M., Murphy, B. and O’ Reilly, B. (2002). Epigenetic contributors to the discordance of 
monozygotic twins. Clinical genetics. 62(2), 97-103.  
 
Sitskoorn, M. M., Aleman, A., Ebisch, S. J., Appels, M. C. & Kahn, R. S. (2004). Cognitive 
deficits in relatives of patients with schizophrenia: a meta-analysis. Schizophrenia Research, 
71(2-3), 285-295. 
 
Skodol, A. E., Oldham, J. M., Hyler, S. E., Kellman, H. D., Doige, N. and Davies, M. (1992). 
Comorbidity of DSM-III-R Eating Disorders and Personality Disorders. International Journal of 
Eating Disorders. 14(4) 403-416. 
 
Slaats-Willemse, D. I. E., Swaab-Barneveld, H. J. T., de Sonneville, L. M. and Buitelaar, J. K. 
(2007). Family-Genetic Study of Executive Functioning in Attention-Deficit/Hyperactivity 
Disorder: Evidence for an Endophenotype? Neuropsychology. 21(6), 751-760.  
 
Smalley, S. L., Thompson, A. L., Spence, M. A., Judd, W. J. and Sparkes, R. S. (1989). Genetic 







Southgate, L. Tchanturia, K. Collier, D. and Treasure, J., (2008). The development of the 
childhood retrospective perfectioSnism questionnaire (CHIRP) in an eating disorder sample. 
European eating disorders review. 16, 451- 462.    
 
Southgate, L., Tchanturia, K. and Treasure, J. (2006). Neuropsychological studies in eating 
disorders: a review. Eating Disorders: New Research Hauppauge, NY, USA: Nova Science 
Publishers, 1-69 
 
Spitzer, R. L., Williams, J. B. W., Gibbon, M. and First, M. B. (1990). Structured Clinican 
Interview for DSM-III-R Axis II Disorders,(SCID-II), Washington, D.C.: American Psychiatric 
Press, Inc. 
 
Spector, T. D. and Williams, F. M. K. (2006). The UK adult twin registry (Twins UK). Twin 
research and human genetics. 9(6), 899-906.  
 
Starcke, K., Polzer, C., Wolf, O. T. and Brand, M. (2011). Does stress alter everyday moral 
decision making? Psychoneuroendocrinology. 36(20), 210-219. 
 
Steiger, H., Richardson, J., Joober, R., Israel, M., Bruce, K. R., Ng Ying Kin, N. M. K., Howard, 
H., Anestin, A., Dandurand, C. and Gauvin, L. (2008). Dissocial behavior, the 5HTTLPR 
polymorphism, and maltreatment in women with bulimic syndromes. Am J Med Genet. 147(B), 
128–130. 
 
Steiger, H., Israel, M., Gauvin, L., Ng Ying Kin, N. M., Young, S. N. (2003). Implications of 
compulsive and impulsive traits for serotonin status in women with bulimia nervosa. Psychiatry 
Res, 120, 219–229. 
 
Steinhausen, H-C (2002). The outcome of anorexia nervosa in the 20th century. Am J 
Psychiatry. 159, 1284–1293. 
 
Steinhausen, H-C., Weber, S. and Phil, C. (2009).  The outcome of bulimia nervosa: Findings 
from one quarter century of research. Am J Psychiatry. doi: 10.1176/appi.ajp.2009.09040582. 
 
Steinglass, J. E., Walsh, B. & Stern, Y. (2006). Set shifting deficit in anorexia nervosa. Journal 
of the International Neuropsychological Society, 12(3), 431- 435. 
Steinglass, J. and Walsh, B. T. (2006). Habit learning and anorexia nervosa: A cognitive 







Stice, E., Ng, J. and Shaw, H. (2010). Risk factors and prodromal eating pathology. Journal of 
Child Psychology and Psychiatry, doi: 10.1111/j.1469-7610.2010.02212.x. 51: 518–525. 
 
Stice, E. C., Marti, M. and Durant, S. (2011). Risk factors for onset of eating disorders: Evidence 
of multiple risk pathways from an 8 year prospective study. Behaviour Research and Therapy. 
49(10), 622-627.  
 
Stice, E., Spoor, D., Bohon, C. and Small, D. M. (2008). Relation between obesity and blunted 
striatal response to food is moderate by the TaqIA A1 allele. Science, DOI: 
10.1126/science.1161550. 322. 
 
Stice, E., Telch, C. F. & Rizvi, S. L. (2000). Development and validation of the Eating Disorder 
Diagnostic Scale: A brief self-report measure of anorexia, bulimia, and binge eating disorder. 
Psychological Assessment, 12(2), 123-131. 
 
Striegel-Moore, R. H., Fairburn, C.G., Wilfley, D. E., Pike, K. M., Dohm, F, and Kraemer, H. C., 
(2005). Toward an understanding of risk factors for binge eating disorder in black and white 
women: a community based case-control study. Psychological medicine. 35, 907-917. 
 
Strober, M., Freeman, R., Morrell, W. (1999). Atypical anorexia nervosa: separation from typical 
cases in course and outcome in a long-term prospective study. Int J Eat Disord. 25, 135–42. 
 
Su, J. C., Birmingham, C. L. (2003) Anorexia nervosa: the cost of long-term disability. Eat 
Weight Disord. 8, 76–9. 
  
Suchan, B., Busch, M., Schulte, D., Gronemeyer, D., Herpertz, S. & Vocks, S. (2011). 
Reduction of gray matter density in the extrastriate body area in women with anorexia nervosa. 
Behavioural Brain Research, 206(1), 63–67. 
 
Sullivan, P.F., Bulik, C. M. and Kendler, K.S. (1998). Genetic epidemiology of binging and 
vomiting. British Journal of Psychiatry. 173, 75-79.  
 
Sumiyoshi, C., Kawakubo, Y., Suga, M., Sumiyoshi, T. and Kasai, K. (2010). Impaired ability to 
organize information in individuals with autism spectrum disorders and their siblings. 







Sunday, S. R., Ilene, I., Reeman, M., Eckert, E. & Halmi, K. A. (1996). Ten-Year Outcome in 
Adolescent Onset Anorexia Nervosa. Journal of Youth and Adolescence, 25(4), 533-544. 
 
Surguladze, S. A., Marshall, N., Schultze, K., Hall, M. H., Walshe, M., Bramon, E., Phillips, M. 
L., Murray, R. M. and McDonald, C. (2010). Exaggerated neural response to emotional faces in 
patients with bipolar disorder and their first-degree relatives. Neuroimage. 53, 58-64. 
 
Svaldi, J., Brand, M. and Tuschen-Caffier, B. (2009). Decision making impairments in women 
with binge eating disorder. Appetite. 54.(1), 84-92. 
 
Szatmari, P., Jones, M.B., Tuff, L., Bartolucci, G., Fisman, S. & Mahoney, W. (1993). Lack of 
cognitive impairment in first-degree relatives of children with pervasive developmental disorders. 
Journal of the American Academy of Child and Adolescent Psychiatry, 32, 1264-1273. 
 
Szoke, A., Schurhoff, F., Golmard, J-L., Alter, C., Roy, I., Meart, A., Etain, B., Bellivier, F. And 
Leboyer, M. (2006). Familial resemblance for executive functions in families of schizophrenic 
and bipolar patients. Psychiatry Research. 144 (2-3). 131-138.  
 
Taberner, J., Fullana, M. A., Caseras, X., Pertusa, A., Bados, A., van den Bree, M., Torrubia, R. 
and Mataix-Cols, D. (2009), Are obsessive–compulsive symptom dimensions familial in 
nonclinical individuals? Depression and Anxiety, doi: 10.1002/da.20606. 26, 902–908. 
 
Takahashi, M., Tanaka, K. and Miyaoka, H. (2006) Reliability and validity of communication 
skills questionnaire (CSQ). Psychiatry and Clinical Neurosciences, doi: 10.1111/j.1440-
1819.2006.01488. 60, 211–218.  
 
Takahashi, Y., Yamagata, S., Kijima, N., Shigemasu, K., Ono, Y. and Ando, J. (2007). 
Continuity and change in behavioral inhibition and activation systems: A longitudinal behavioral 
genetic study. Personality and Individual Differences.  43, 1616-1625. 
 
Tanaka, M., Narau, T., Nagai, N., Kuroki, N., Shiiya, T., Nakazato, M., Matsukura, S. and 
Nozoe, S. (2003). Habitual binge/purge behavior influences circulating ghrelin levels in eating 
disorders. J Psychiat Res, 37, 17–22. 
 
Taylor, J. (2007) Heritability of Wisconsin Card Sorting Test (WCST) and Stroop Color-Word 
Test performance in normal individuals: implications for the search for endophenotypes. Twin 







Taylor, M.J. & Cooper, P.J. (1992). An experimental study of the effect of mood on body size 
perception. Behavior Research and Therapy, 30, 53–58. 
 
Tchanturia, K., Campbell, I., Morris, R. and Treasure, J. (2005). Neuropsychological studies in 
anorexia nervosa. International Journal of Eating Disorders, 35, 1-15. 
 
Tchanturia, K., Harrison, A., Davies, H., Roberts, M., Oldershaw, A., Stahl, D., Morris, R., 
Schmidt, U. and Treasure, J. (2011) Cognitive Flexibility and Clinical Severity in Eating 
Disorders. PLoS ONE 6(6):e20462. doi:10.1371/journal.pone.0020462. 
 
Tchanturia, K., Davies, H., Roberts, M., Harrison, A., Nakazato, M., Schmidt, U.,Treasure, J. 
and Morris, R. (2012). Poor cognitive flexibility in eating disorders: Examining the evidence 
using the Wisconsin card sorting task. PLoS ONE. 7(1).  
 
Tchanturia, K., Liao, P.-C., Uher, R., Lawrence, N., Treasure, J. & Campbell, I.C. (2007). An 
investigation of decision making in anorexia nervosa using the Iowa Gambling Task and skin 
conductance measurements. Journal of the International Neuropsychological Society, 13, 635 – 
641. 
 
Tchanturia, K., Morris, R. G., Brecelj Anderluh, M., Collier, D. A., Nikolaou, V. & Treasure, J. 
(2004). Set shifting in anorexia nervosa: an examination before and after weight gain, in full 
recovery, and relationship to childhood and adult OCPD traits. Journal of Psychiatric Research, 
38, 545–552. 
 
Tchanturia, K., Morris, R., Surguladze, S. & Treasure, J. (2002). An examination of perceptual 
and cognitive set shifting tasks in acute anorexic nervosa and following recovery. Eating and 
Weight Disorders, 7(4), 312-315. 
 
Tenconi, E., Santonastaso, P., Degortes, D., Bosello, R., Titton, F., Mapelli, D. and Favarro, A. 
(2010) Set- Shifting abilities, central coherence, and handedness in anorexia nervosa patients, 
their unaffected siblings and healthy controls: exploring putative endophenotypes. World J Bio 
Psychia, 11, 813–823. 
 
Thomas, J. J., Vartanian, L. R. and Brownell, K. D. (2009). The relationship between eating 
disorder not otherwise specified (EDNOS) and officially recognized eating disorders: Meta-








Thomas, J. J., Delinsky, S. S., St. Germain, S. A., Weigel, T. J., Tangren, C. M., Levendusky, P. 
G. and Becker, A. E. (2010). How do eating disorder specialist clinicans apply DSM-IV 
diagnostic criteria in routine clinical practice? Implications for enhancing clinical utility in DSM- 5. 
Psychiatry Research. 178, 511-517.  
 
Thompson, S. N. B. (1993). Implications of neuropsychological test results of women in a new 
phase of anorexia nervosa. European Eating Disorders Review, 1, 152-165.  
 
Thompson, J. L., Watson, J. R., Steinhauer, S. R., Golstein, G. and Pogue-Geile, M. F. (2005): 
Indicators of genetic liability to schizophrenia: A sibling study of neuropsychological 
performance. Schizophr Bull, doi: 10.1093/schbul/sbi00931. 1, 85-96. 
 
Tiller, J. M., Sloane, G., Schmidt, U., Troop, N., Power, M. & Treasure, J. (1997). Social 
support in patients with anorexia nervosa and bulimia nervosa. International Journal of Eating 
Disorders, 21, 31-38. 
 
Tokley, M. and Kemps, E. (2007). Preoccupation with detail contributes to poor abstraction in 
anorexia nervosa. Journal of Clinical and Experimental Neuropsychology. 29, 734–741. 
 
Torgersen, S., Lygren, S., Oien, P. A., Skre, I., Onstad, S., Edvardsen, J., Tambs, K. and 
Kringlen, E. (2000). A twin study of personality disorders. Comprehensive Psychiatry, 41, 416–
425. 
  
Tozzi, F., Thornton, L. M., Klump, K. L., Fichter, M. M., Halmi, K. A., Kaplan, A. S., Strober, M., 
Woodside, D. B., Crow, S., Mitchell, J., Rotondo, A., Mauri, M., Cassano, G., Keel, P., Plotnicov, 
K. H., Pollice, C., Lilenfeld, L. R., Berrettini, W. H., Bulik, C. M., Kaye, W. H (2005). Symptom 
fluctuation in eating disorders: correlates of diagnostic crossover. Am J Psychiatry, 162, 732–
740. 
 
Treasure, J., Claudino, A. M. and Zucker, N. (2010). Eating Disorders. Lancet, 375(9714), 583- 
93. 
 
Treasure, J., Lopez, C. & Roberts, M. E. (2007). Endophenotypes in eating disorders: moving 
toward etiologically based diagnosis and treatment focussed on pathophysiology. Pediatric 







Treasure, J., Macare, C., Mentxaka, I. O. and Harrison, A. (2010), The use of a vodcast to 
support eating and reduce anxiety in people with eating disorder: A case series. European 
Eating Disorders Review, doi: 10.1002/erv.1034. 18, 515–521.  
 
Treasure, J., Wack, E. and Roberts, M. (2008). Models as a high-risk group: the health 
implications of a size zero culture. The British Journal of Psychiatry. 192, 243-244. 
 
Trivedi, J. K., Goel, D., Dhyani, M., Sharma, S., Singh, A. P., Sinha, P. K. and Tandon, R. 
(2008), Neurocognition in first-degree healthy relatives (siblings) of bipolar affective disorder 
patients. Psychiatry and Clinical Neurosciences, doi: 10.1111/j.1440-1819.2008.01754. 
62, 190–196. 
 
Troop, N. and Bifulco, A. (2002). Childhood social arena and cognitive sets in eating disorders. 
British Journal of Clinical Psychology. 41, 205-201.  
 
Tugade, M. M., & Fredrickson, B. L. (2002). Positive emotions and emotional intelligence. In: 
Barrett, L. F. & Salovey, P. eds. The wisdom of feelings: Psychological processes in emotional 
intelligence New York: Guilford Press. 319-340. 
 
Uebel, H., Albrecht, B., Asherson, P., Borger, N. A., Butler, L., Chen, W., Christiansen, H., 
Heise, A., Kuntsi, J., Schafer, U., Andreou, P., Manor, I., Marco, R., Miranda, A., Mulligan, A., 
Oades, R. D., van der Meere, J., Faraone, S. V., Rothenberger, A. and Banaschewski, T. 
(2010) .Performance variability, impulsivity errors and the impact of incentives as gender-
independent endophenotypes for ADHD. J Child Psychol Psychiatry, doi:10.1111/j.1469-
7610.2009.02139. 51(2), 210–218.  
 
Uher, R., Brammer, M., Murphy, T., Campbell, I., Ng, V., Williams, S. and Treasure, J. (2003).  
Recovery and chronicity in anorexia nervosa: Brain activity associated with differential 
outcomes. Biological Psychiatry. 54, 934–942. 
 
Uher, R., Murphy, T., Friederich, H. C., Dalgleish, T., Brammer, M. J., Giampietro, V., Phillips, 
M. L., Andrew, C. M., Ng, V. W., Williams, S. C., Campbell, I. C. and Treasure, J. (2005). 
Functional neuroanatomy of body shape perception in healthy and eating-disordered women. 
Biological Psychiatry. 58, 990–997 
 
Uher, R., Murphy, T., Brammer, M. J., Dalgleish, T., Phillips, M. L, Ng, V. W., Andrew, C. M., 
Williams, S. C. R., Campbell, I. C. and Treasure, J. (2004) Medial prefrontal cortex activity 







Urry, H. L., van Reekum, C. M., Johnstone, T., Kalin, N. H., Thurow, M. E. & Schaefer, H. S. 
(2006) Amygdala and ventromedial prefrontal cortex are inversely coupled during regulation of 
negative affect and predict the diurnal pattern of cortisol secretion among older adults. Journal 
of Neuroscience, 26, 4415–4425. 
 
van Hoeken, D., Seidell, J., & Wijbrand, H. (2003). Epidemiology. In: Treasure, J., Schmidt, U. & 
van Furth, E. eds. Handbook of eating disorders, 2nd ed. London: Wiley and Sons Ltd. 11–34. 
 
van Strien, T. (2002). DEBQ, Dutch Eating Behavior Questionnaire manual. Bury St. 
Edmunds, England/London, Pearson, UK Thames Valley Test Company. 
 
van Strien, T., Frijters, J. E., Bergers, G. P. & Defares, P. B. (1986). The Dutch Eating 
Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating 
behavior. International Journal of Eating Disorders, 5(2), 295–315. 
 
Van den Eynde, F., Guillaume, S., Broadbent, H., Stahl, D., Campbell, I. C., Schmidt, U. and 
Tchanturia, K. (2011) Neurocognition in bulimic eating disorders: a systematic review. Acta 
Psychiatry Scan. 1-21. 
 
Vasconcelos, M. S., Sampaio, A. S., Hounie, A. G., Akkerman, F., Curi, M., Lopes, A. C. and 
Miguel, E. C. (2007). Prenatal, perinatal, and postnatal risk factors in obsessive-compulsive 
disorder. Biol Psychiatry, 61, 301–307. 
 
Wade, T. D., Bergin, J. L., Tiggemann, M., Bulik, C. M. & Fairburn, C. G. (2006). Prevalence 
and long-term course of lifetime eating disorders in an adult Australian twin cohort. Australian 
and New Zealand Journal of Psychiatry, 40(2), 121-128. 
 
Wade, T., Bulik, C., Prescott, C. and Kendler K. (2004). Sex influences on shared risk factors for  
bulimia nervosa and other psychiatric disorders. Arch Gen Psychiatry, 61, 251–256. 
 
Wade, T. D., Bulik, C. M., Sullivan, P. F., Neale, M. C. and Kendler, K. S. (2000). The relation 
between risk factors for binge eating and bulimia nervosa: A population-based female twin 
study. Health Psychol, 19, 115–123.  
 
Wade, T. D., Gilcrest, P., Treasure, J., & Schmidt, U. (2010). A pilot evalaution of a new 
motivationally enhanced treatment for anorexia nervosa: is the addition of therapeutic writing 







Wade, T., Martin, N., Tiggemann, M. (1998). Genetic and environmental risk factors for the 
weight and shape concerns characteristic of bulimia nervosa. Psychol Med. 28, 761–771. 
 
Wade, T. D., Tiggeman, M., Bulik, C. M., Fairburn, C. G., Wray, N., Martin, N. G. (2008). Shared 
temperament risk factors for anorexia nervosa: a twin study. American Psychosomatic Society. 
70, 239-244. 
 
Wade, T. D., Treloar, S.  A. & Martin, N. G., 2008. Shared and unique risk factors between 
lifetime purging and objective binge eating: a twin study. Psychological Medicine, 38(10), 1455-
1464. 
 
Wager, A., Aizenstein, H., Mazurkewicz, L., Fudge, J., Frank, G. K., Putnam, K., Bailer, U. F., 
Fischer, L., Kaye, W. H. (2008). Altered insula response to a taste stimulus in individuals 
recovered from restricting-type anorexia nervosa. Neuropsychopharmacology, 33, 513–523 
 
Wagner, A., Ruf, M., Braus, D. F. and Schmidt, M. H. (2003). Neuronal activity changes and 
body image distortion in anorexia nervosa. Neuroreport,14, 2193–2197 
 
Wagner, A., Aizenstein, H., Venkatraman, V. K., Fudge, J., May, J. C., Mazurkewicz, L., Frank, 
G. K., Bailer, U. F., Fischer, L., Nguygen, V., Carter, C., Putnam, K. and Kaye, W. H. (2007). 
Altered reward processing in women recovered from anorexia nervosa. Am J Psychiatry. 
164(12), 1842-9. 
 
Wagner, A., Aizenstein, H., Venkatraman, V. K., Bischoff-Grethe, A., Fudge, J., May, J. C., 
Frank, G. K., Bailer, U. F., Fischer, L., Putnam, K. and Kaye, W. H. (2010) Altered striatal 
response to reward in bulimia nervosa after recovery. Int J Eat Disord. 11,45(4), 289-94. 
 
Wagner, A., Greer, P., Bailer, U. F., Frank, G. K., Henry, S. E., Putnam, K., Meltzer, C. C., 
Ziolko, S K., Hoge, J., McConaha, C. and Kaye, W. H. (2006). Normal brain tissue volumes after 
long-term recovery in anorexia and bulimia nervosa. Biological Psychiatry, 59(3), 291–29. 
 
Walsh, B. T. and Sysko, R. (2009). Broad categories for the diagnosis of eating disorders (BCD-
ED): An alternative system for classification. Int J Eat Disord. 42, 754-764.  
 
Wang, K., Zhang, H., Bloss, C. S., et al. (2007). Price Foundation Collaborative Group. A 
genome-wide association study on common SNPs and rare CNVs in anorexia nervosa. Mol 







Ward, A., Ramsey, R., Turnbull, S., Benedettini, M., & Treasure, J. (2000). Attachment patterns 
in eating disorders: The past in the present. International Journal of Eating Disorders, 28, 370–
376. 
 
Watson, D. and Friend, R. (1969). Measurement of social-evaluative anxiety. Journal of 
Consulting and Clinical Psychology. 33, 448-457. 
 
Wechsler, D. (1981). Wechsler Adult Intelligence Scale-Revised. Psychological Corporation, 
San Antonio, TX. 
 
Wentz, E., Gillberg, C., Gillberg, I. C. and Rastam, M. (2001). Ten year follow up of adolescent 
onset anorexia nervosa: Psychiatric disorders and overall functioning scales. Journal of Child 
Psychiatry. 42(5),  613-622. 
 
Wentz, E., Gillberg, I. C., Anckarsater, H.,  Gillberg, C. and Rastam, M. (2009). Adolescent-
onset anorexia nervosa: 18 year outcome. The British Journal of Psychiatry, 
doi:0.1192/bjp.bp.107.048686. 194, 168-174. 
 
Wentz, E., Lacey, H., Waller, G., Rastam, M., Turk, J. and Gillberg, C. (2005). Childhood onset 
neuropsychiatric disorders in adult eating disorder patients. A pilot study. European child & 
adolescent psychiatry. DOI: 10.1007/s00787-005-0494-314. 8, 431-437. 
 
Whiteside, S. P. and Lynam, D. R. (2001). The five factor model and impulsivity: using a 
structural model of personality to understand impulsivity. Personality and Individual Differences. 
30, 669-689. 
 
Whitney, J., Easter, A. and Tchanturia, K. (2008). Service users' feedback on cognitive training 
in the treatment of anorexia nervosa: A qualitative study. International Journal of Eating 
Disorders. doi: 10.1002/eat.20536. 41, 542–550. 
 
Wilksch, S. M., & Wade, T. D. (2009). An investigation of temperament endophenotype 
candidates for early emergence of the core cognitive component of eating disorders. 
Psychological Medicine, 39, 811-821. 
 
Williamson, D. A., Gleaves, D.H. and Stewart, T. M. (2005). Categorical versus dimensional 







Williams, R. A., Mamotte, C. D. S. and Burnett, J. R., (2009). Phenylketonuria: An Inborn Error 
of Phenylalanine Metabolism. Clin Biochem Rev, 29, 31-41.  
 
Witkin, H. A., Dyk, R. B., Faterson, H. F., Goodenough, D. R. & Karp, S. A. (1962). 
Psychological differentiation: studies of development. Potomac, MD: Lawrence Erlbaum 
Associates. 
 
Witkin, H. A. (1971). A Manual for the Embedded Figure Test. California: Consulting 
Psychologists Press. 
 
Witkin, H. A., Oltman, P. K., Raskin, E. & Karp, S. A. (2002). Group Embedded Figures Test: 
Manual. Mind Garden, Inc. 
 
Wonderlich, S. A., Gordon, K. H., Mitchell, J. E., Crosby, R. D. & Engel, S. G. (2009). The 
validity and clinical utility of binge eating disorder. International Journal of Eating Disorders, 
42(8), 687-705. 
 
Wonderlich, S. A., Crosby, R. D., Joiner, T., Peterson, C. B., Bardon-Cone, A., Klein, M., Crow, 
S., Mitchell, J. E., Le Grange, D., Steiger, H., Kolden, G., Johnson, F. and Vrshek, S. (2005). 
Personality subtyping and bulimia nervosa: psychopathological and genetic correlates. 
Psychological medicine. 35, 649-657. 
 
Wood, L., Al-Khairulla, H. and Lask, B. (2011). Group cognitive remediation therapy for 
adolescents with anorexia nervosa. Clinical Child Psychology and Psychiatry. 16 (2). 225-231. 
 
Woodside, D. B., Bulik, C. M., Halmi, K. A., Fichter, M. M., Kaplan, A., Berrettini, W.H, Strober, 
M., Treasure, J., Lilenfeld, L., Klump, K. and Kaye, W. H. (2002). Personality, perfectionism, and 
attitudes toward eating in parents of individuals with eating disorders. Int J Eat Disord. 31, 290–
299. 
 
World Health Organisation. (1992). The International Classification of Disease Version10 (ICD-
10): Classification of Mental and Behavioural Disorders. World Health Organisation: Geneva. 
 
Young, A. W., Perret, D. I., Calder, A. J., Sprengelmeyer, R. and Ekman, P. (2002). Facial 








Zalla, T., Joyce, C., Szoke, A., Schuroff, F., Pillon, B., Komano, O., Perz-Diaz, F., Bellivier, F., 
Alter, C.,  Dubois, B., Rouillon, F., Houde, O. and Leboyer, M. (2004). Executive dysfunctions 
as potential markers of familial vulnerability to bipolar disorder and schizophrenia. Psychiatry 
Research.  121(3) 207-217.  
 
Zastrow, A. Kaiser, S., Stippich, C., Walther, S., Herzog, W., Tchanturia, K., Belger, A., 
Weisbrod, M., Treasure, J. and Freiderich, H. C. (2009) Neural correlates of impaired cognitive-
behavioral flexibility in anorexia nervosa. Am. J. Psychiatry. 166, 608–616.  
 
Zucker, N. L., Losh, M., Bulik, C. M., LaBar, K. S., Piven, J., & Pelphrey, K. A. (2007). Anorexia 
nervosa and autism spectrum disorders: guided investigation of social cognitive 













































Appendix 1.1: Twin status questionnaire ‘peas in a pod’ 
 
 
TWIN STATUS    
With every questionnaire we need to ask the following questions so that we can determine whether new 
twins completing questionnaires for the first time are identical or non-identical.   
 
 
Q1.   I am …  (1)   Male   (2)   Female  
Q2.   My twin is…  (1)   Male   (2)   Female  
Q3.   At school, did people have trouble telling you apart?    
    (0)  Yes  (2)  No  (1)  I don’t 
know 
Q4.  Were your parents able to tell you apart at school age? 
    (2)  Yes  (0)  No  (1)  I don’t 
know 
Q5.  Were your close school friends able to tell you apart at school age? 
(2)  Yes  (0)  No  (1)  I don’t 
know 
Q6.  Were strangers able to tell you apart at school age?      
(2)  Yes  (0)  No  (1)  I don’t 
know 
Q7. In childhood, which of the following would best describe you and your twin? (Please select one):  
(0)  As alike as peas in a pod       
(2)  Ordinary sibling likeness (like sisters or brothers) 
  















Appendix 1.2: The eating disorder inventory II (EDI-2)  
 
A = ALWAYS U = USUALLY O = OFTEN S = SOMETIMES = R = RARELY N = NEVER 
  A U O S R N 
1. I eat sweets and carbohydrates without feeling nervous       
2. I think my stomach is too big       
3. I eat when I am upset       
4. I stuff myself with food       
5. I think about dieting       
6. I think that my thighs are too large       
7. I feel extremely guilty after overeating       
8. I think that my stomach is just the right size       
9. I am terrified of gaining weight       
10. I feel satisfied with the shape of my body       
11. I exaggerate or magnify the important of weight       
12. I have gone on eating binges where I felt that I could not stop       
13. I like the shape of my buttocks       
14. I am preoccupied with the desire to be thinner       
15. I think about bingeing (overeating)       
16. I think that my hips are too big       
17. I feel bloated after eating a normal meal       
18. I eat moderately in front of others and stuff myself when there gone       
19. If I gain a pound, I worry that I will keep gaining       
20. I have the thought of trying to vomit in order to lose weight       
21. I think that my thighs are just the right size       






23. I eat and drink in secrecy       
24. I think that my hips are just the right size       



























































The information that you give us on this sheet will be treated as strictly confidential. 
 
Your contact details on this sheet will be kept separate from the responses you provide in the following 
questionnaire. Only the lead researcher will have access to the file that links your identification details with the 
following questionnaire.  
 









Tel (home):…………………….……….……… Mobile: …………………………… 
Email:………………………………………………………………………….………… 
 
 YOUR DETAILS 
 
Today’s Date: _ _/ _ _ / _ _ 
 
Date of birth: _ _/ _ _ / _ _   Age: __ __  Sex:   Male    Female 
 
Is English your first language?  Yes / No 
 
If no, from what age ?……………………………………………………… …  
 
What is your ethnicity? 
 White British 
 White Irish 
 Other White 
 Mixed White and Black Caribbean 
 Mixed White and Black African 
 Mixed White and Asian  
 Other Mixed 
 Asian or Asian British – Indian 
 Asian or Asian British – Pakistani 
 Asian or Asian British – Bangladeshi 
 Other Asian 
 Black or Black British – Caribbean 
 Black or Black British – African 
 Other Black 
 Chinese 
 Other ethnic group-_____________________________ 
Have you participated previously in research at the Eating Disorders Unit?  Yes / No 
  







Are you currently receiving any medication?  Yes / No 
  
If yes, please give details(duration/usage)……………………………………………………… … … 
 
Have you ever been diagnosed with a visual impairment?  Yes / No 
  
If yes, is this corrected with an aide? (e.g. glasses, contact lenses)  Yes / No 
 
Have you ever been diagnosed with a neurological condition?  Yes / No 
  
 If yes, please give details……………………………………………………………… 
 
Have you ever had a head injury?  Yes / No 
  
 If yes, please give details……………………………………………………………… 
 
 
Have you ever been diagnosed with a learning disability?  Yes / No 
  
 If yes, please give details……………………………………………………………… 
 
 
Have you ever been diagnosed with epilepsy?  Yes / No 
  
 If yes, please give details……………………………………………………………… 
 
What is you current employment status? 
 
   Full time       Retired 
   Part time      Sick leave 
   Unemployed      House wife / husband 
   Student      Other …………………..…….…(please specify) 
 




If you are unemployed, please indicate for how long you have been unemployed for and what 
your previous occupation was: 
 
 Unemployed for: ……………………….. 
 Previous occupation: …………………………………………………………… 
 
What is the highest level of education you completed? 
 
   No qualifications     University Degree 
   O Level / GCSE     Postgraduate Degree 
   A Level / NVQ     Other…………………………....(please specify) 
   Diploma / BTEC 
 







Have you ever had eating difficulties?  Yes / No 
 
Have you had to take time off from school or work due to your eating difficulties?  Yes / No 
 If Yes, how long in total? …………………………………………...... 
 
Have you had a previous hospital admission for your condition?  Yes/No    
If so, how many? ……………………. 
 
For how many years have you had an eating disorder?  ............................ 
 
What is the lowest ever BMI you have been? …………………. 
 
What is the highest ever BMI you have been? ………………… 
 
 
Do you have a twin?  Yes / No 
 
If yes, are you identical or non-identical twins ?.....…………………………… … … … … 
What is their name (email address) ? ……………………………………………………… 
How long have you lived with them?……………………………………………………… …  
 




What is your marital status? 
 
   Married        Divorced 
   Living together       Separated 
   Single        Widowed 
o In a relationship 
 
 
How many children do you have?  
 
a) No. of daughters:  _____       b) their ages:  ____; ____; ____; ____; ____  
c) No. of sons:   _____   d) their ages:  ____; ____; ____; ____; ____ 
 
Are you currently pregnant?  Yes / No 
 
Who lives in your household with you? (e.g. mum, brother, 2 friends) 
 
………………………………………………………………………………………………………………. 
Has anyone in your family been diagnosed with a psychiatric condition?  Yes / No  
 If yes, please give details……………………………………………………………………….  
 What relation is this person to you?..…………………………………………………………. 
Have you ever been diagnosed with a psychiatric condition?  Yes / No 
  
 If yes, please give details……………………………………………………………… 
What is your current weight?________________________ 
 






















Appendix 1.5: The eating disorder diagnostic scale (EDDS) 
 
 
Please read all the questions carefully.  
 
We would like you to think of a 3 month period in your life when your concerns about your 
weight and shape were at their strongest.  
 
When was this period (months/year) ____________________________________ 
 
During this 3 month period…. 
 
 
During this 3 month period when your concerns about weight and shape were at their 
strongest… 
 
5. Were there times when you felt that you ate what other people would regard as an 
unusually large amount of food (e.g. a quart of ice cream) given the circumstances?   YES     
NO  
 
6. During the times when you ate an unusually large amount of food, did you experience a 
loss of control? (feel you couldn’t stop eating or control what or how much you were 
eating)?  
 
YES   NO 
 
7. How many DAYS per week on average (during that 3 month period) did you eat an 
unusually large amount of food and experience a loss of control? 
 
0        1        2        3        4        5        6        7 
 
8. How many TIMES per week on average (during that 3 month period) did you eat an 
unusually large amount of food and experience a loss of control? 
 
0        1        2        3        4        5        6        7        8        9        10        11        12        13        
14 
 
During these episodes of overeating and loss of control did you… 
 
9. Eat much more rapidly than normal?  YES    NO 
 
10. Eat until you felt uncomfortably full?  YES    NO 
 
 Not at 
all 
 Slightly Moderately Extremely 
1. Did you feel fat? 
 0 1 2 3 4 5 6 
2. Did you have a definite fear 
that you might gain weight or 
become fat? 
0 1 2 3 4 5 6 
3. Did your weight influence how 
you thought about (judged) 
yourself as a person? 
0 1 2 3 4 5 6 
4. Did your shape influence how 
you thought about (judged) 
yourself as a person? 






11. Eat large amounts of food when you didn’t feel physically hungry? YES    NO 
 
12. Eat alone because you were embarrassed by how much you were eating?  YES    NO 
 
13. Feel disgusted with yourself, depressed, or very guilty after overeating?  YES    NO 
 
14. Feel very upset about your uncontrollable overeating or resulting weight gain? YES    NO 
 
15. Did you experience these episodes of overeating and loss of control for a period longer 
than 3 months?   YES    NO 
 
a. If YES, for how long did these episodes continues (please circle): 
i. Between 3 and 5 months  
ii. 6 months of longer  
 




16. How many times per week on average did you make yourself vomit to prevent weight 
gain or counteract the effects of eating? 
 
0        1        2        3        4        5        6        7        8        9        10        11        12        13        
14 
 
17.  How many times per week on average did you use laxatives or diuretics to prevent 
weight gain or counteract the effects of eating? 
 
0        1        2        3        4        5        6        7        8        9        10        11        12        13        
14 
 
18. How many times per week on average did you fast (skip at least 2 meals in a row) to 
prevent weight gain or counteract the effects of eating?  
 
0        1        2        3        4        5        6        7        8        9        10        11        12        13        
14 
 
19. How many times per week on average did you engage in excessive exercise 
specifically to counteract the effects of overeating episodes? 
 








































b. During the 3 month 
period when your 
concerns about 
weight and shape 























c. Heaviest weight at 

















d. Lightest weight at 

















21.  How tall are you? _______ ft ______ins     OR  ______ m _______cm 
 
At the time when your concerns about your weight were the strongest: 
 
22. Did you miss your menstrual period for 3 months or longer?   YES      NO       N/A 
 
23. Were you taking birth control pills?   YES     NO     N/A 
 
Please indicate whether any of the responses you have given about your eating 
behaviour refer to:  
 
24. A period within the past year   YES    NO  
 

































































































































































Appendix 1.9: Obsessive-compulsive inventory-revised (OCI-R). 
  
 
The following statements refer to experiences that many people have in their everyday lives.  
 
Circle the number that best describes HOW MUCH that experience has DISTRESSED or 
BOTHERED you during the PAST MONTH. The numbers refer to the following verbal labels: 
  
0 = Not at all  3 = A lot 
 1 = A little  4 = Extremely 
 2 = Moderately 
 
1. I have saved up so many things that they get in the way 0     1 2 3 4 
2. I check things more often than necessary. 0 1 2 3 4 
3. I get upset if objects are not arranged properly 0 1 2 3 4 
4. I feel compelled to count while I am doing things. 0 1 2 3 4 
5. I find it difficult to touch an object when I know it has 
been touched by strangers or certain people. 
0 1 2 3 4 
6. I find it difficult to control my own thoughts 0 1 2 3 4 
7. I collect things I don’t need. 0 1 2 3 4 
8. I repeatedly check doors, windows, drawers, etc. 0 1 2 3 4 
9. I get upset if others change the way I have arranged things. 0 1 2 3 4 
10. I feel I have to repeat certain numbers. 0 1 2 3 4 
11. I sometimes have to wash or clean myself simply because 
I feel contaminated 
0 1 2 3 4 
12. I am upset by unpleasant thoughts that come into my 
mind against my will 
0 1 2 3 4 
13. I avoid throwing things away because I am afraid I might 
need them later.  
0 1 2 3 4 
14. I repeatedly check gas and water taps and light switches 
after turning them off. 
0 1 2 3 4 
15. I need things to be arranged in a particular order. 0 1 2 3 4 
16. I feel that there are good and bad numbers. 0 1 2 3 4 
17. I wash my hands more often and longer than necessary 0 1 2 3 4 
18. I frequently get nasty thoughts and have difficulty 
in getting rid of them. 
0 1 2 3 4 
                        


















Appendix 1.10: Rosenberg self-esteem scale (RSE). 
 
 
Below is a list of statements dealing with your general feelings about yourself. Please indicate to what 
extent you agree with the statement. 
 
3= Strongly agree 
2= Agree 
1= Disagree 
0= Strongly disagree 
 
1. On the whole, I am satisfied with myself. 
 
Strongly disagree Strongly agree  
 
0   1   2    3  
   
2. At times, I think I am no good at all.  
 
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
3. I feel that I have a number of good qualities. 
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
4. I am able to do things as well as most other people. 
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
5. I feel that I do not have much to be proud of.  
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
6. I certainly feel useless at times. 
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
 
7. I feel that I’m a person of worth, at least on an equal plane with others. 
 







0   1   2    3 
 
8. I wish I could have more respect for myself. 
 
Strongly disagree Strongly agree  
 




9. All in all, I am inclined to feel that I am failure.  
 
Strongly disagree Strongly agree  
 
0   1   2    3 
 
10. I take a positive attitude toward myself.  
 
Strongly disagree Strongly agree  
 















































































































































































































Each item of this questionnaire is a statement that a person may either agree with or disagree with. For 
each item, indicate how much you agree or disagree with what the item says. Choose only one response 
to each statement. Please be as accurate and honest as you can be. Respond to each item as if it were 
the only item. That is, don’t worry about being “consistent” in your responses. We would encourage you 
to please respond to all the items, as blank responses will impact the validity of the questionnaire. 
Thank you. 
 
Choose from the following four response options: 
 
 1 = very true for me 
 2 = somewhat true for me 
 3 = somewhat false for me 
 4 = very false for me 
 
Please circle your chosen response. 
 









1 A person’s family is the most important thing in life 1 2 3 4 
2 Even if something bad is about to happen to me, I rarely experience fear or nervousness 1 2 3 4 
3 I go out of my way to get things I want 1 2 3 4 
4 When I’m doing well at something I love to keep at it 1 2 3 4 
5 I’m always willing to try something new if I think it will be fun 1 2 3 4 
6 How I dress is important to me 1 2 3 4 
7 When I get something I want, I feel excited and energized 1 2 3 4 
8 Criticism or scolding hurts me quite a bit 1 2 3 4 
9 When I want something I usually go all-out to get it 1 2 3 4 
10 I will often do things for no other reason than that they might be fun 1 2 3 4 
11 It’s hard for me to find the time to do things such as get a haircut 1 2 3 4 






13 I feel pretty worried or upset when I think or know somebody is angry at me 1 2 3 4 
14 When I see an opportunity for something I like I get excited right away 1 2 3 4 
15 I often act on the spur of the moment 1 2 3 4 
16 If I think something unpleasant is going to happen I usually get pretty “worked up” 1 2 3 4 
17 I often wonder why people act the way they do 1 2 3 4 
18 When good things happen to me, it affects me strongly 1 2 3 4 
19 I feel worried when I think I have done poorly at something important 1 2 3 4 
20 I crave excitement and new sensations 1 2 3 4 
21 When I go after something I use a “no holds barred” approach 1 2 3 4 
22 I have very few fears compared to my friends 1 2 3 4 
23 It would excite me to win a contest 1 2 3 4 




































Each item of this questionnaire is a statement that a person may either agree with or disagree with. For 
each item, indicate how much you agree or disagree with what the item says. Please respond to all the 
items; do not leave any blank. Choose only one response to each statement. Please be as accurate and 
honest as you can be. Respond to each item as if it were the only item. That is, don’t worry about being 
“consistent” in your responses. Choose from the following four response options: 
 
 1 = Strongly disagree 
 2 = Disagree somewhat 
 3 = Agree somewhat 
 4 = Strongly agree 
 
Please circle your chosen response. 
 







1 I like to do things which are new and different 1 2 3 4 
2 I like to do things spontaneously 1 2 3 4 
3 I tend to do several things all at the same time 1 2 3 4 
4 I actively look for new experiences 1 2 3 4 
5 I have a feel for how things work 1 2 3 4 
6 I look for new sensations 1 2 3 4 
7 I am excited by what is new in my field 1 2 3 4 
8 I often have lots of spontaneous ideas 1 2 3 4 
9 I like to be rewarded for what I do 1 2 3 4 
10 I have new ideas all the time 1 2 3 4 























































































Appendix 1.19: Confirmation of ethics approval 
 
 
The Joint South London and Maudsley and The Institute of Psychiatry NHS Research Ethics 
Committee 
South London REC Office (2) 
1st Floor, Camberwell Building 




 Telephone: 020 3299 5033  
Facsimile: 020 3299 5085 
17 November 2009 
 
Professor Janet Treasure 
Director of ED Service, Professor of Psychiatry 
Guy's and St Thomas, SLAM NHS Trusts 






Dear Professor Treasure 
 
Study Title: Neuropsychological endophenotypes, genes and biomarkers 
related to eating disorders in twin, family and singleton 
populations.  
REC reference number: 09/H0807/67 
 
Thank you for your letter of 03 November 2009, responding to the Committee’s request for 
further information on the above research and submitting revised documentation. 
 
The further information was considered by the chair of the Committee on 17 November 2009.  
 
Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the above 
research on the basis described in the application form, protocol and supporting documentation 
as revised, subject to the conditions specified below. 
 
Ethical review of research sites 
 
The favourable opinion applies to all NHS sites taking part in the study, subject to management 
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see 
“Conditions of the favourable opinion” below). 
 
Conditions of the favourable opinion 
 
The favourable opinion is subject to the following conditions being met prior to the start of the 
study. 
 
Management permission or approval must be obtained from each host organisation prior to the 








For NHS research sites only, management permission for research (“R&D approval”) should be obtained 
from the relevant care organisation(s) in accordance with NHS research governance arrangements.  
Guidance on applying for NHS permission for research is available in the Integrated Research Application 
System or at http://www.rdforum.nhs.uk.  Where the only involvement of the NHS organisation is as a 
Participant Identification Centre, management permission for research is not required but the R&D 
office should be notified of the study. Guidance should be sought from the R&D office where necessary. 
 
Sponsors are not required to notify the Committee of approvals from host organisations. 
 
It is the responsibility of the sponsor to ensure that all the conditions are complied with before 




The final list of documents reviewed and approved by the Committee is as follows: 
  
Document    Version    Date    
REC application  2.3  19 August 
2009  
Investigator CV  Janet L Treasure     
Investigator CV  Frederique Van den 
Eynde  
   
Investigator CV  Mrs Amy Karol 
Harrison  
   
Investigator CV  Sietske Helder     
Investigator CV  Lot Sternheim     
Protocol    19 August 
2009  
Protocol flowchart    18 August 
2009  





Advertisement  !!!!!!!!!  18 August 
2009  
Advertisement  Circular e-mail  18 August 
2009  




Participant Information Sheet: Carer    18 August 
2009  
Participant Information Sheet: Patient    18 August 
2009  
Participant Information Sheet: Control    18 August 
2009  







Participant Consent Form: Control -longer 
question at 2.  
  18 August 
2009  
Participant Consent Form: Control    18 August 
2009  
Letter of invitation to participant    18 August 
2009  
Questionnaire: EATATELIFE PHENOTYPE       
Questionnaire: EATATE LIFETIME 
INTERVIEW  
     
Questionnaire: SCID Screening Module       
Questionnaire: SCID (for DSM-IV)       
Questionnaire: EDE-Q    18 August 
2009  
Questionnaire: YBC-EDS Symptoms 
Checklist  
     
Questionnaire: Y-BOCS Symptoms Checklist       
Questionnaire: Autism Spectrum Quotent    18 August 
2009  
Questionnaire: EDDS (lifetime)    18 August 
2009  
Questionnaire: BIS/BAS    18 August 
2009  
Questionnaire: DASS21    18 August 
2009  
Questionnaire: OCI-R    18 August 
2009  
Questionnaire: EDI-3 RF    18 August 
2009  
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for Research 
Ethics Committees (July 2001) and complies fully with the Standard Operating Procedures for 
Research Ethics Committees in the UK. 
 
After ethical review 
 
Now that you have completed the application process please visit the National Research Ethics 
Service website > After Review 
 
You are invited to give your view of the service that you have received from the National 
Research Ethics Service and the application procedure.  If you wish to make your views known 
please use the feedback form available on the website. 
 
The attached document “After ethical review – guidance for researchers” gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including: 
 
• Notifying substantial amendments 
• Adding new sites and investigators 
• Progress and safety reports 







The NRES website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures. 
 
We would also like to inform you that we consult regularly with stakeholders to improve our 
service. If you would like to join our Reference Group please email 
referencegroup@nres.npsa.nhs.uk.  
 




















































76, 092 words (excluding references and appendices) 
 
 
 
